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Summary 


1. Introduction. 


AmonG the Neosporidia the Microsporidia constitute a group dis- 
tinguished from the allied Myxosporidia by the small size and simple 
structure of the spores. A full account of the literature on this subject 
is to be found in the excellent papers of Thélohan (1895), Stempell (1909), 
Schuberg (1910), ete. 

According to Minchin’s system (1903) the Microsporidia are divided 
into: 

(1) Polysporogenea, the trophozoite (.e. the vegetative stage of the 
life-cycle) produces many pansporoblasts, containing many spores. 
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(2) Oligosporogenea, the trophozoite produces only one pansporo- 
blast containing four (Gurleya), eight (Thélohania), or many (Pleisto- 
phora) spores. 

The parasite which I am about to describe has been found in a 
cutaneous tumour and in the mesenterium of Crenilabrus melops. 
Thélohan (1895) describes a parasite (Glugea gigantea) in the peritoneal 
cavity of the same fish; he does not mention any stages of the life- 
cycle, but only states that a polar filament was not to be found within 
the spores. It is difficult to ascertain the identity of Thélohan’s parasite 
and mine, but this identity is probable considering the absence of a 
polar capsule in the spores of both parasites and the identity of the host. 
My parasite, however, is no Glugea, the’trophozoite being directly 
transformed into a pansporoblast; consequently it is a Pleistophora 
and its name should be Pleistophora gigantea. 


2. Material and Methods. 


The different stages of the life-cycle of P. gigantea were found in a 
large tumour, situated on the ventral side of the head and the thorax of 
Crenilabrus melops (P|. X VII, fig. 1), reaching from the posterior margin 
of the gills to the ventral fins. The tumour was caused by hypertrophy 
of the subcutaneous tissue; it did not show any sign of infiltrative 
growth: the gills and the organs of mouth and thorax were left quite 
unaffected. The tumour was so heavy as to deprive the fish of its 
hydrostatic equilibrium (vide Pl. X VII, fig. 1, representing the living fish). 

Portions of the tumour were fixed in corrosive alcohol (after 
Schaudinn’s prescription), washed in alcohol and iodine, hardened in 
absolute alcohol, mounted in paraffine, and cut into sections of 3-5 p. 
The stains employed were hematoxylin (Ehrlich’s, Delafield’s, or 
Heidenhain’s) or Giemsa’s solution. 

To demonstrate the polar filaments, living spores were treated with 
caustic soda or potash ; sulphuric-, nitric-, and hydrochloric-acid, methyl 
alcohol, ether, iodine, and distilled water, but no filament was to be 
seen. 


3. Description of the Life-history of P. gigantea. 


The tumour already mentioned is composed of connective tissue and 
multinucleate giant cells. In this tissue are embedded cysts of different 
size containing spores and sporoblasts (Pl. XVIII, fig. 3). At times a 
large cyst is surrounded by a series of small cysts, suggesting that the 
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spores of the former have caused a secondary infection of the surrounding 
tissue (Pl. XVIII, fig. 2). Occasionally the spores are disseminated 
throughout the connective tissue, without being enclosed within a 
cyst-wall (Pl. XVIII, fig. 4). This condition was called by Doflein 
(1909) “ diffuse infiltration.” The cysts may exceed 1-44 x 0°82 mm. in 
size, but some of them are much smaller with a diameter of 11-49 yp, 





Diagram I. Trophozoites of P, gigantea. (Oil immersion 2 mm. ocul. No. 4.) Mono- 
and multinucleate individuals surrounded by connective tissue. a. Aggregation o 
3 individuals. 0b. Stage of division. 
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and contain a relatively small number of spores. Between the cysts 
young individuals may be seen, even at a low magnification (Zeiss. Obj. 
3, ocul. 2); they are free (PI. XVIII, fig. 1 a) or surrounded by a thick 
capsule of connective tissue (Pl. XVIII, fig. 5 a). 

The following observations were made with the aid of a high power 
of the microscope (Zeiss. Apochrom. oil immersion 2 mm., oculars 4 or 18). 

(a) Trophozoites. The youngest developmental stages found are 
round or oval cells with one or more nuclei, 6°3-11'2 « long and 4°6-9°8 
broad (Diagram I; Pl. XVII, fig. 2). The protoplasm has an alveolar 
structure; the nuclei are very chromatophil and consequently they 
are deeply stained, which often checks the study of the internal 
structure. The nuclei are surrounded by a clear space. The proto- 
plasm is enclosed within a thin membrane; this membrane is very 
distinct in individuals where the protoplasm shows signs of shrinkage 
(Diagram II, Fig. 1). 





Diagram II. (Oil immersion 2 mm. ocul. 18.) Fig. 1. First stage of nuclear division. 
Fig. 2. Division of the karyosome. Fig. 3. Constriction of the elongated nucleus. 
Figs. 4, 5. Final stages of nuclear division. 


The trophozoites contain one or more nuclei, and it is to be supposed 
that the mononucleate individuals are the youngest, considering that 
they are the smallest. Diagram Ib suggests that the multinucleate 
individuals multiply by schizogony. 

The structure of the nuclei of the trophozoites is a simple one 
(Diagram II), some chromatic granules are supported by an achromatic 
substratum. Sometimes a central chromatic granule is present which 
perhaps must be regarded as a karyosome. The nucleus which is about 
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to divide becomes elongated and the chromatin is accumulated at the 
two poles (Diagram II, Fig. 1). At times the achromatic substance 
presents a distinct fibrillary structure; if a karyosomatic granule is 
present it divides also (Fig. 2). The nucleus becomes more and more 
elongated and shows a constriction in the middle; occasionally some 
chromatic substance may be observed in the neighbourhood of this 
constriction representing perhaps a rudimentary equatorial plate 
(Fig. 3). The final stage of the division is shown in Figs. 4 and 5, 
where a thin filament still unites the two daughter nuclei. 

There is no close relation between nuclear and cellular division ; 
a trophozoite may contain several nuclei before the beginning of cellular 
division. 

Diagram Ia shows three individuals placed in close contact ; this 
becomes more apparent still in the trophozoites figured in Dia- 
gram III bb. Whereas Diagram Ill a shows a state of diffuse 
infiltration, the nuclei of the connective tissue being found between 
the parasites, we see that there is no place left for any nucleus 
between the trophozoites shown in Diagram III bb. These individuals 
form two compact masses which I will call “aggregations” in the 
course of this description. This process of aggregation is important 
because it is the beginning of encystment, as will be shown later on. 

Sometimes the trophozoites are surrounded by a thick capsule of 
connective tissue, arranged in concentric layers (Diagrams IV, V and 
Pl. XVIII, fig. 5a). Large nuclei are found situated so near the 
trophozoites that the latter might be regarded as intra-cellular parasites 
(Diagram V a, b). These encapsuled trophozoites show the same 
tendency to aggregation as the individuals of larger accumulations ; 
the nuclei of the host’s tissue disappear from the interstices between 
the trophozoites, the latter are closely joined together. 

(b) Formation of the pansporoblasts. When a number of indi- 
viduals combine to form an aggregation as do the individuals shown in 
Diagram III bb, they soon become surrounded by a membrane, thicker 
than the pelliculae of the trophozoites. I cannot exactly explain how 
this membrane is formed: perhaps it is constituted by the thickened 
pelliculae of the individuals situated at the periphery of the aggrega- 
tion; if this supposition is right the membrane becomes very soon 
emancipated, as is shown in Diagram VII. 

The number of individuals combining to encyst is very variable. 
In small cysts they are few in number (Diagram VII b), whereas in 
large cysts there are hundreds of them. 
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Diagram IV. (Magnification of Diagram I.) Four young trophozoites surrounded by 
a thick capsule of connective tissue. 





Diagram V. (Magnification of Diagram I.) Small aggregations of young individuals 
surrounded by connective tissue. 
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Diagram VI. (Magnification of Diagram I.) Aggregation of multinucleate trophozoites, 
surrounded by connective tissue. Cf. Plate XVIII, fig. 6.) 





Diagram VII. (Magnification of Diagram I.) a. Trophozoites forming an aggregation. 
The nuclei are arranged in pairs. 6b. Complete aggregation. Nuclei arranged in 
pairs. c. Pansporoblast dividing to form small binucleate cells. 
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After the aggregation is completed we note that the nuclei of the 
trophozoites are no longer irregularly disseminated throughout the 
protoplasm but are arranged in pairs. This arrangement becomes 
gradually more apparent during the earlier stages of sporulation ; it 
is caused by the daughter nuclei adhering to each other after nuclear 
division (Diagram IX). This division begins during and after en- 


cystment?. 





Diagram VIII. (Magnification of Diagram I.) Large cyst containing pansporoblasts with 
pairs of nuclei and spores. Only the outlines of the spores are drawn. In the inferior 
part of the cyst some elements of connective tissue are to be seen. 


1 It must be remembered that the diagrams only show small cysts (except Diagram XI) ; 
this is for convenience sake because drawings of large cysts would take too much place. 
There is, however, no reason to suppose that sporulation in large cysts is performed in a 
way different from that followed in small cysts. 
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After the encystment the trophdzoites become rounded and are 
no longer in so close contact with each other as they were before 
(Diagram VII 6, c, Diagram VIII). Consequently, the individuals do 
no longer fill the whole lumen of the cyst; between them larger and 
smaller interstices are left. 

This change is caused by the reduction of the protoplasmatic 
substance in the trophozoites, whereas the amount of nuclear sub- 
stance is increased. This becomes evident when comparing some of 
the trophozoites figured in Diagram VIII containing 5-11 nuclei, 
with the larger trophozoites shown in Diagram III, which contain 
an equal or smaller number of nuclei. 





Diagram IX. Diagram X. Diagram XI. 


Diagram IX. (Magnification of Diagram II.) Part of the cyst shown in Diagram VIII 
under a higher power. a. Pansporoblast with nuclear division leading to the formation 
of pairs of nuclei. 0. Pansporoblast with nuclei arranged in pairs. c. Dividing 
pansporoblast with two pairs of nuclei. 

Diagram X. (Magnification of Diagram III.) a. Pansporoblast producing a sporoblast by 
unequal division. 0b. Pansporoblast producing sporoblast by equal division. 

Diagram XI. (Magnification of Diagram I.) Small cysts with few sporoblasts. 
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These individuals, rich in nuclear material, will produce the sporo- 
blasts and consequently are to be considered as pansporoblasts. Their 
protoplasm does not stain so deeply as that of the trophozoites but it 
has a similar alveolar structure. They have a diameter of 4°9-6°3 yu. 

The formation of the sporoblasts is represented in Diagrams IX 
and X. 

(c) Formation of the sporoblasts. The sporoblasts do not arise by 
a schizogonic division of the pansporoblasts as is commonly observed 
among microsporidia; it seems that they are formed by unequal 
(Diagram X a) or binary (Diagrams 1X c, X b) fission, each sporoblast 
receiving one pair of nuclei. 





Diagram XII. Diagram XIII. 


Diagram XII. (Magnification of Diagram I.) Large cysts with sporoblasts and four 
pansporoblasts. 

Diagram XIII. (Magnification of Diagram I.) Small cysts with sporoblasts, pansporo- 
blasts, and spores (only the outlines of the spores are indicated). 


The nuclear division producing the pairs of nuclei is a simple 
fragmentation (Diagram IX a). The nuclei of the pansporoblasts do 
not show any distinct internal structure, the periphery is more 
chromatic than the centre. The dividing nucleus becomes elongated ; 
the two poles are covered by the chromatic substance; in the middle 
no chromatine is left. Finally, the nucleus is divided by an equatorial 
fissure. 

Considering that elements of the host’s tissue were to be found 
among the trophozoites, it is not surprising that nuclei and fibres of 
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connective tissue are occasionally observed within the cysts (Diagrams 
VIII and IX). 

It is impossible to determine the exact number of sporoblasts 
produced by a single pansporoblast, because the sporoblasts do not 
remain attached to each other after division as is the case in other 
microsporidia, but judging by the number of the pairs of nuclei con- 
tained in a pansporoblast this number must be about 3-6. The number 
of sporoblasts contained in a cyst is of course dependent on the size of 
the latter, which is very variable (cf. Diagrams XI, XII). 





Diagram XIV. Diagram XV. 


Diagram XIV. (Magnification of Diagram I.) Large cysts with sporoblasts and spores 
(only the outlines of the spores are indicated). 

Diagram XV. (Magnification of Diagram I.) Cyst (b) with sporoblasts and pansporo- 
blasts, surrounded by connective tissue containing three trophozoites (a). 
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At first some pansporoblasts are still to be seen among the sporo- 
blasts (Diagrams XII, XV), gradually they disappear and only sporo- 
blasts are left, which finally become spores. Consequently in Diagrams 
XIII and XIV the outlines of the spores are likewise to be seen. 

The sporoblasts contain two nuclei, similar in structure to those of 
the pansporoblasts. These nuclei are often situated in so close contact 





Diagram XVI. (Magnification of Diagram I.) A portion of the surface of a large cyst 
with sporoblast and spores (only the outlines of the spores are indicated). 


that they seem to constitute one large nucleus (Plate XVII, fig. 3). 
The protoplasm of the sporoblasts does not stain well; round the nuclei 
a clear space is left and in the protoplasm large vacuoles are to be seen 
(Diagram XVII). When the sporoblasts are just formed these vacuoles 
are not yet present. 

These intermediate stages, leading to the formation of the sporo- 
blasts, are to be observed only in the smaller cysts, the large ones only 
contain sporoblasts and spores (Diagram XVI). 








358 Pleistophora gigantea, Thélohan 


The sporoblasts are covered by a thin membrane. During their 
formation there has been an increase of protoplasmatic substance, con- 
sequently they are placed so closely together that each sporoblast takes 
a more or less distinct angular shape. The membrane of each sporoblast 
sticks readily to the membranes of the surrounding sporoblasts, conse- 
quently all the sporoblasts, and even the neighbouring spores, hold 
together, forming a pseudo-tissue, resembling somewhat the parenchy- 
matous tissue of a plant. The sporoblasts have a diameter of 3°5-49 pu. 





Diagram XVII. Representing the same cyst as that shown in Diagram XVI, but at 
a higher magnification (of Diagram II). a. sporoblasts. 0. pansporoblast with 
three pairs of nuclei. c. spores. 


(d) Formation of the spores. When a sporoblast is transformed 
into a spore, the membrane becomes much thicker, the protoplasm loses 
its vacuoles and is deeply stained. In living spores the protoplasm 
fills the whole lumen within the spore-wall, but in fixed and stained 
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preparations this is not the case, because of the contraction of the 
protoplasm. The nuclei are not so pycnotic as those of the sporoblasts. 
At first the walls of the spores stick to the surrounding sporoblasts 
(Diagrams XVII and XVIII), afterwards they become free but still 
adhere to each other in larger or smaller clusters, because of the sticky 
condition of the surface of the spore-wall. 

The young spores are distinctly binucleate, the two nuclei touching 
each other (Diagram XVIII, Fig. 2 a, c). In older spores only one 
large nucleus is to be seen (Fig. 2 d), consequently it may be supposed 
that this single nucleus does arise by the fusion of the two nuclei. It is 
impossible to explain in another way how the sporoblasts, all of them 
being binucleate, could produce mononucleate spores. 





Fig. 1. Fig. 2. Fig. 3. 


Diagram XVIII. (Magnification of Diagram II.) Fig. 1. A pansporoblast, sporoblasts, 
and spores adhering to each other. The lines connected with the walls of the spores 
and sporoblasts represent portions of the membranes of other sporoblasts which have 
been cut away by the microtome. Fig. 2. a-c. Binucleate spores, Giemsa’s stain. 
d. Mononucleate spore, Giemsa’s stain. Fig. 3. Spores showing volutin granules. 
a. Diffuse dissemination of the volutin. 06. Intranuclear volutin. 


Occasionally the spores contain chromatophil granules which are 
not decolorised by sulphuric acid (1°/,) or Gram’s iodine (after staining 
with methylene blue). Consequently these granules consist of volutin, 
a substance also found by Schuberg (1910) in the spores of Pleistophora 
longifilis. The volutin granules are either disseminated throughout the 
spore (Diagram XVIII, Fig. 3 a) or they are to be found in the neigh- 
bourhood of the nucleus. 
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No polar capsule was to be seen in the spores and no polar filament 
could be demonstrated by the ordinary methods (see Material and 
Methods). The spores are 4°4-5°6 w long and 3°4—4°6 w broad. 

(e) Diffuse infiltration. It has been already stated that the spores 
are not always to be found situated within cysts; at times they are 
spread throughout the connective tissue (Plate XVIII, fig. 4; Diagram 
XIX). These spores are probably produced by individuals which do 
not aggregate and encyst but I have been unable to ascertain if this 
is the case, never having observed non-encysted individuals in the act 
of sporulation. 

(f) Reaction of the host's tissue against the parasitic invasion. 
I have already described how the trophozoites are sometimes sur- 
rounded by a thick capsule of connective tissue (Diagrams IV, V, VI). 





Diagram XIX. (Magnification of Diagram I.) Diffuse infiltration of spores. 
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This hypertrophy of the connective tissue is probably to be regarded 
as a protective reaction against the invasion of the trophozoites. It is 
only to be seen where few parasites are present: around large accumu- 
lations of trophozoites (Diagrams I, III) no such hypertrophy was _ 
observed. 





Diagram XX. (Magnification of Diagram I.) Multinucleate giant-cells in an area of 
diffuse infiltration. 


In areas of diffuse infiltration large multinucleate giant-cells are to 
be found, but they are generally absent where the spores are formed 
within cysts. These giant-cells may contain 2-15 nuclei and attain 
dimensions of 28-43 w (Diagrams XIX, XX). 
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Summary. 


The parasite which I have here described has a life-history con- 
taining two distinct stages: a vegetative stage and a sporogonic stage. 
During the vegetative period multinucleate individuals divide by 
irregular schizogony producing young uni- or paucinucleate individuals. 
During the sporogonic period, a number of trophozoites unite to form 
an aggregation which becomes encysted. In the encysted individuals 
(the pansporoblasts) there is an increase of nuclear substance and a 
reduction of plasmatic substance. The nuclei become arranged in pairs 
and by successive unequal divisions the pansporoblasts produce the 
sporoblasts which contain a pair of nuclei each. During the formation 
of the sporoblasts there is an increase of protoplasmatic substance. The 
sporoblasts become spores by the thickening of their pelliculae. 

At first the spores contain two nuclei, finally they become mono- 
nucleate. This must be explained by the fusion of the two nuclei. 

This nuclear fusion is probably to be interpreted as a paedogamous 
autogamy (in accordance with the nomenclature of Hartmann, 1909). 


The systematic position of this parasite. 


According to Minchin’s classification, already mentioned, it is to be 
ranged among the Oligosporogenea because the trophozoite is directly 
converted into a pansporoblast. The number of spores produced by a 
single pansporoblast is not constant, consequently the parasite might be 
considered to belong to the genus Pleistophora, but in P. periplanetae 
(Perrin, 1906), P. longifilis (Schuberg, 1910), etc. we note that the 
spores are formed within the pelliculae of the pansporoblast and not in 
the way described here. Moreover, the structure of the spores of these 
Pleistophorae is very different from that of the parasite of Crenilabrus 
melops; the aggregation and the united encystment of several indi- 
viduals as an introduction to sporogony, are never mentioned in the 
description of the genus Pleistophora. Consequently it is with some 
restriction that I range this parasite among the members of this genus, 
I do so only to avoid the creation of new and perhaps unnecessary 
genera. 
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DESCRIPTION OF PLATES XVII AND XVIII. 


PLATE XVII. 


Fig. 1. Living specimen of Crenilabrus melops with tumour caused by Pleistophora 
gigantea, 

Fig. 2. Trophozoites of P. gigantea surrounded by connective tissue. (Zeiss oil 
immersion 2 mm. ocul. 2.) 

Fig. 3. Portion of a large cyst of P. gigantea, containing sporoblasts. (Zeiss oil 
immersion 2 mm. ocul. 4.) 


PLATE XVIII. 


Fig. 1. Cysts of P. gigantea. a. Group of trophozoites between the cysts. Zeiss obj. 3 
ocul, 2. 

Fig. 2. Large cyst of P. gigantea surrounded by smaller cysts. (Magnification of fig. 1.) 

Fig. 3. Large cyst of P. gigantea. (Magnification of fig. 1.) 

Fig. 4. Diffuse infiltration of spores of P. gigantea. (Magnification of fig. 1.) 

Fig. 5. Cysts of P. gigantea. a. Capsules of connective tissue surrounding trophozoites. 
(Magnification of fig. 1.) 

Fig. 6. Trophozoites tightly encapsuled by connective tissue. (Zeiss oil immersion 2 mm. 
ocul. 4.) 
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I. Introduction. 


My attention was first directed to this Cestode in 1906 when I was 
asked to examine several specimens of edible fish which had been 
exposed for sale in the public markets and had been condemned as 
human food on account of the presence of obvious, intrusive bodies in 
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the flesh. In three of these cases the muscles of the flesh of the fishes 
—a Halibut,a Megrim and a Hake—contained cysts ‘vhich enclosed the 
larvae of a Tetrarhynchid, and on examination the latter was identified 
as T. erinaceus from the peculiar nature of the armature of the 
proboscides. In another case the wall of the stomach of a Halibut was 
also infected with the same larvae. Acting on an obsolete principle of 
Border Law the Fish Inspectors promptly condemned the fishes and 
then caused them to be examined. I do not think there was any valid 
reason for the condemnation of the articles of food, for I can find no 
reference in the literature to the presence of Tetrarhynchids in the 
human alimentary canal, and there does not appear to be any question 
of a possible communication of a parasite by the consumption, as food, 
of such infected flesh. Further the number of larvae present was far 
too few to lead to any emaciation of the fish’, or to the likelihood of the 
production of toxic substances in the flesh of the animal. Nevertheless 
the Inspectors probably acted in the interests of the public health 
in condemning such articles of food as contained obvious cyst-like 
structures in the flesh, as to the precise nature of which they were 
ignorant, since there is always the possibility that these bodies might 
be detrimental to the health of those eating them. Further the 
presence of the cysts was very obvious and rather unpleasant to the 
eye, and might easily have prejudiced a customer against a particular 
vendor, or fish, However this may be my attention was thus directed 
to the Cestode and it was found that it was widely distributed in Irish 
Sea fishes. On searching the literature I also found that though there 
are many mentions of the occurrence of the worm there is no detailed 
description of its structure; and it seemed that an adequate investiga- 
tion of this interesting form might be of considerable importance. The 
present paper is therefore the first instalment of such a study. 


II. Distribution and life-history. 


Tetrarhynchus erinaceus appears to have first been described by 
P. J. van Beneden in 1850 from the Angler-Fish (Lophius piscatorius) 
and the Cod (Gadus callarias) in which fishes it was present as encysted 
larvae; and from various species of Rays where it was present in the 
sexually mature phase (van Beneden 1858). The same author has also 


1 Such an emaciation as I have observed to result from the infection of a fish by the 
larvae of a Trematode worm; see Johnstone (1905); Nicoll (1909); and Lebour (1907). 
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given a general account of the development of the mature worm from 
the encysted scolex, and a general account of the anatomy of the 
proglottis, which although lacking in detail is very accurate so far as it 
goes. Pintner (1880 and 1893) has described the general anatomy of 
several species of Tetrarhynchus (but not T. erinaceus); and Vaullegeard 
(1889) has described, without much detail, the organs of the Cestode 
in question. Vaullegeard’s paper is a general account of the whole 
genus so far as it was known, and it includes a very exhaustive biblio- 
graphy of the memoirs written with respect to Tetrarhynchids. I refer 
the reader to this paper rather than attempt to give a detailed list of 
the literature relative to 7. erinaceus. Linton (1891) has also described 
an apparently new species under the name of Rhynchobothrium im- 
parispine, but Vaullegeard refers this species to 7. erinaceus. I am not 
sure that the two species are identical but in the absence of a more 
detailed description than that given by Linton it is impossible to be 
sure of this. There are also other references in the literature to the 
occurrence of 7’. erinaceus, but with the exceptions of van Beneden’s 
first accounts and Vaullegeard’s memoir, neither of which deals in 
detail with the anatomy of the worm, there are no good accounts of the 
species. 

I began in 1907 to work on van Beneden’s species but have always 
found difficulty in obtaining sufficient material. The mature worm 
occurs in the large intestine of various species of Skate and Ray: Raia 
clavata, R. maculata, R. batis, R. circularis and R. microcellata, all 
obtained from the fishing grounds in the Irish Sea. It is always 
attached to the spiral valve at the anterior end of the large intestine, 
though free proglottides may be found quite near to the anus. The 
gut of these fishes is best examined for tapeworms and flukes by 
dissecting it out, and slitting it up with a pair of scissors so that every 
fold of the spiral valve is cut through. The gut is then placed in 
a photographer’s developing dish containing water in which stands 
a large “crystallising dish” filled with water; and then fold after fold 
of the spiral valve is lifted over the edge of the crystallising dish and 
scraped with the back of a scalpel. In this way one can hardly fail to 
see any Trematodes or Cestodes that may be present. Any tapeworms 
found are best preserved as entire objects by killing them in fresh 
water and then fixing in 3 per cent. formalin: this method is not 
good for sections of the worm, but one obtains beautifully relaxed 
specimens with bothridia, etc. fully expanded, and with the tissues very 
transparent so that good whole cleared preparations can be obtained. 
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Fixation for minute histological study is best effected by the use of 
Zenker’s fluid ; other mercuric chloride fixatives do not appear to give 
nearly such good results. Fixation in vom Rath’s fluid was also tried, 
followed by staining in iron haematoxylin but the stain is not a 
general one, although good for some details. 

The sexually mature worm is comparatively rare in Irish Sea 
fishes, and as a general rule I have had to dissect from ten to twenty 
fishes in order to obtain one tapeworm. This paucity of material has 
rendered the investigation, so far, an incomplete one. Obviously the 
details of the life-history, such as the development of the Oncosphere 
and Plerocercoid stages, and the precise means of infection of the larval 
and final hosts, can only be properly studied by feeding experiments 
and for this purpose abundant material has not yet been available. 
Lack of material has also prevented some much needed work on the 
finer details of the histology of the central] nervous system, since in 
investigations of this nature many experiments have to be made before 
satisfactory methods of fixation and staining can be evolved. 

The Plerocercoid larvae of Tetrarhynchids, chiefly 7. erinaceus, are 
among the most abundant of Helminth parasites of some Irish Sea 
fishes. I have observed them from Trigla gurnardus and T. hirundo, 
Gadus callarias, G. merlangus, G. aeglefinus, Merluccius vulgaris, 
Scomber scomber, Hippoglossus vulgaris, Pleuronectes platessa, and 
Arnoglossus laterna, and there are no doubt other larval hosts. The 
cysts containing the larvae are generally abundant, and it is rare, in my 
experience, for Whiting and Gurnards to be free from infection. In 
a Whiting stomach in the Fisheries Laboratory at Piel, Barrow-in- 
Furness, there are over 130 encysted larvae in the wall; and in a 
Halibut stomach examined some time ago there were nearly as many. 
The larvae may be found in various parts of the tissues of the host but 
they are very generally found on the mesenteries, or are present on the 
peritoneum covering the stomach and intestine: I have never seen 
them in or on the liver’, or free in the body cavity. They are present 
exceptionally in the muscles: this was the case in several fishes—Hake 
and Halibut—examined by me. In these fishes the flesh round the 
vertebral column contained numbers of oval or cylindrical cysts which 
included Plerocercoid larvae. Little cavities had formed among the 
muscle bundles by the intrusive organisms. Many of these larvae were 


1 Since writing the above I have obtained four specimens of the peculiar Tetrarhynchid 
Coenomorphus linguatula (van Beneden) from the Cod-Fish (Gadus vireus), It wus 
attached to the liver of the host. 
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degenerate and the cysts contained only calcareous corpuscles with 
some obscure connective tissue. This may also be the case with the 
cysts found on the mesenteries or peritoneum. 

I have not, in the meantime, any observations to record with 
reference to the life-history of Tetrarhynchus erinaceus. The scheme 
usually adopted is that given by Braun (1894-1900, p. 1609) and this 
is purely conjectural. The identification of Trigla as the larval host is 
based solely on the recognition of the scolex of the Plerocercoid larva as 
that of 7. erinaceus. As to this identification there is very much doubt: 
there is no doubt, of course, that the larva inhabiting the cysts found in 
Trigla is really that of T. erinaceus, but it is far from being certain that 
the Rays are infected by eating species of Trigla and other Teleost fishes 
containing these Plerocercoid larvae. In order to prove that Trigla, or 
Gadus merlangus, or any other of the Teleostean fishes mentioned above 
are really larval hosts in the proper sense we should have to show (1) 
that they are themselves infected by eating proglottides voided by the 
Ray, or that they eat some invertebrate, which is infected by eating the 
proglottides ; (2) and that the Ray becomes infected by eating T'’rigla 
or any other Teleost fish containing the Plerocercoids. Now there is no 
evidence whatever that these things happen, and no feeding experiments 
have been made with the object of establishing the life-history. The 
eggs of the worm develop within the uterus but I have never seen the 
six-hooked larva in this situation. Possibly further development may 
occur after the dehiscence of the mature proglottis from the parent 
strobila, while the former is still within the intestine of the Ray, or even 
while it is lying on the sea bottom after having been passed by the fish. 
Now the free proglottis is only about 0°5 cm. in length and it is very 
unlikely that such a small object should be eaten by fish like Gurnards, 
Whiting, etc., which habitually feed on much larger organisms. It is, of 
course, quite possible that even such small objects may be eaten by 
the fishes accidentally, but the infection of the so-called larval hosts is 
so general that we can hardly suppose the process to be a matter of 
accident. I think it is far more likely that the ripe proglottides are 
eaten by some small invertebrate, a crustacean or mollusc or small fish, 
and that the latter is then eaten by the so-called larval host. 

It is highly unlikely that the Ray is infected by eating such fishes 
as Gurnards or Whiting containing the Plerocercoid larva. Ray usually 
eat crustacea and quite small fish, and the assumption that they receive 
the tapeworm from a Teleost fish is not supported by an examination of 
their food. It is more probable then, that the adult host is infected by 























J. JOHNSTONE 369 


eating some invertebrate which acts as the true larval host and in which 
some larval form of Tetrarhynchus lives. What then is the place of the 
Plerocercoid worms inhabiting the Teleosts in the life-history? We 
notice that very many fishes may act as this host, and that in these 
animals we only find two conditions of the larva: (1) the Plerocercoids 
containing fully developed scolices, and (2) degenerate forms of larvae. 
The Teleosts are final, not intermediate hosts, and the larvae Tetrarhynchi 
inhabiting their tissues degenerate and carry the life-history no further. 

This is the conclusion come to by Southwell (1911) with regard to 
the Ceylon Tetrarhynchus unionifactor. The conjectural life-history of 
this species is as follows :—(1) a larval host (a mollusc) containing very 
young larvae ; (2) a Teleost fish which eats the mollusc, and in which 
the Plerocercoid larva is found; (3) an Elasmobranch which eats the 
Teleost and in which the mature Tetrarhynchid is found. Now the 
difficulty of proving the transmission of the T&trarhynchid from one to 
another of these animals has led Southwell to suggest that the Teleost 
is not a necessary host in the life-history of 7. wnionifactor, but only a 
“cul-de-sac, or blind termination.” The Teleosts and Elasmobranchs 
alike become infected by eating the molluscs. 

Whatever may be the case in the Ceylon species I think that the life- 
history of Tetrarhynchus erinaceus is probably similar to that suggested 
by Southwell and that some invertebrate is the true larval host. The 
species of Teleosts mentioned in this paper are not therefore larval hosts 
in the sense that they are stages in a life-history. They are collateral 
hosts with the Elasmobranchs ; and both series of fishes are infected by 
eating the true larval hosts—whatever these may be. The mature 
Tetrarhynchi are never found in the Teleosts and larvae entering these 
fishes finally degenerate’. 


III. The Plerocercoid larvae. 


The cysts which contain the larvae are either spherical or oval bodies 
embedded in the outer wall of the alimentary canal and covered by 
peritoneum; or they are stalked, egg-shaped bodies attached to the 


1 The degeneration of the larvae is accompanied by the progressive accumulation of 
the calcareous corpuscles. In a Megrim (Arnoglossus megastoma) examined since writing 
the above, living Plerocercoids were present among the muscles of the host. But there 
were also many groups of prismatic crystals of calcium carbonate lying freely among the 
muscles, these crystals were in some cases 1 cm. long and about 0°5 mm. in diameter. 
I think they were the result of the crystallisation of masses of calcareous corpuscles 
resulting from degeneration of the larvae. 
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intestine or mesentery by means of delicate pedicels. In the Gadoid 
larval hosts the cysts are usually situated in the outer wall of the 
stomach, and this is also their site exceptionally in Pleuronectid fishes. 
The cases of the Halibut and Hake already referred to are the only 
instances which I have seen of the infection of the muscles with the 
larvae. In these cases the larvae were enclosed in lenticular cysts 
which lay compressed between the muscle bundles; or they were cylin- 
drical worm-shaped bodies usually without scolices and filled with 
calcareous corpuscles and connective tissue, and lying in little tubular 
cavities hollowed among the muscle bundles. In Gurnards and some 
other fishes the cysts are rounded or irregular in shape, less usually 
flask-shaped, and they are nearly always situated on the mesentery and 
hanging freely into the body cavity. The flask-shaped cysts appear to be 
the more typical form, and these are always attached to the mesentery 
by a short stalk which forms the neck of the flask. The size of the 
cyst is very variable, being anything from 1 mm. to about 1 cm. in 
length. 

The cysts are often degenerate so that on dissecting them no trace 
of larval structure can be made out. I have described such structures 
as occurring in the Gurnard (1905). In these cases the cysts were 
smaller than usual, round or oval in shape, and pigmented dark-brown 
towards their central portions. On cutting sections they were seen to 
be made up of a number of concentric laminae, composed of some 
substance staining dark blue with Mann’s methyl-blue-eosin, and built 
up of bundles of wavy fibres. In the centre was a nucleus consisting 
of granules, and on the periphery was a layer of tissue continuous with 
that of the host, and containing masses of darkly staining granules. 
The whole structure exhibited a striking resemblance to that of the 
pearls found in the common edible mussel, the appearance presented by 
a meridional section reproducing almost exactly the appearance of a 
decalcified pearl. ‘The origin of these pearl-like cysts in the Gurnard is 
very probably similar to that of the calcareous pearl in Mytilus, that 
is, they are artifacts produced by specific stimulation of the tissues of 
the host by some substance excreted by the parasite. In the mussel 
pearl this substance is excreted by the larva of the Trematode which 
is responsible for pearl production, and since the parasite inhabits the 
shell-secreting mantle lobes, the substance which is secreted round the 
larva is lime laid down in the same way as that forming the nacreous 
layer of the shell. In the case of the pearl-like bodies in the Gurnard 
the substance laid down round the larval Tetrarhynchid is a waxy 
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secretion superposed on the fibrous tissues of the larval cyst. (See 
Ward, 1907.) 

The cysts of Tetrarhynchus erinaceus and the mode of development 
of the Plerocercoid larva into the segmented worm have been described 
by P. J. van Beneden (1850, Pl. XX XIII) but I give here some figures 
less diagrammatic than those quoted. Text-fig. 1 represents several 
cysts dissected out from the mesenteries of a Trigla, and some other 
hosts and Text-fig. 2 represents a section through one of these structures 
taken from a Megrim (Arnoglossus laterna) and cut parallel to the 





Fig. 1. Cysts containing Plerocercoid larvae of Tetrarhynchus erinaceus. A, B and C 
represent the entire cysts; D is a larva dissected out from the receptaculum. From 
various hosts, 


plane in which the larva lies. The whole structure represented is the 
larva. We see that the scolex with its proboscides invaginated lies 
within a cavity at one pole of an egg-shaped body, and is coiled up 
in a S-shaped form. The whole scolex is invested in the cuticle 
characteristic of the Cestodes, and at the base, just posterior to the 
proboscis bulbs, this cuticle is thickened and becomes continuous with 
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the internal wall of the cavity in which the scolex lies—the recepta- 
culum scolicis. The internal wall of the latter is not cuticularised 
except immediately round the base of the scolex. The latter has all 
the structure characteristic of the mature Cestode and need not be 
described here. Just anterior to the place where the cuticle becomes 
continuous with the wall of the receptaculum the excretory canals come 
near the surface and pass out into the superficial parts of the posterior 
portion of the larva. This posterior part—the so-called “ post-cephalic 
segment ”—corresponds to the bladder of the cysticercoid larva of a 
Taenia but unlike the latter it is not hollow, but is filled with an 
obscure, faintly-staining tissue which resembles the parenchyma found 
in the tissues of the Cestodes; and is apparently reticular in nature, 
with very large interspaces. The excretory canals run backwards, 
loosely convoluted, in the superficial tissues of the “ bladder” and open 
into a minute vesicle which again opens on to the exterior extremity 
of the larva. No other structures are present in this posterior part of 
the larval body. 
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Fig. 2. Longitudinal section of a Plerocercoid larva from the mesentery 
of Arnoglossus laterna. Mag. 50 dia. 


The receptaculum scolicis is really an invaginated part of the outer 
wall of the larva, as one sees in van Beneden’s schematic figures. 
From the bottom of this invagination the scolex forms as a bud, with 
the bothridia and other structures in their definite relations, and not 
with their surfaces reversed as in the case of a Taenia. There should 
be an opening in the wall of the receptaculum through which the 
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scolex is pushed when the larval metamorphosis takes place—but not 
evaginated in the strict sense of the word. I have seen larvae with the 
scolex pushed out and still adherent to the “ post-cephalic segment ” but 
in two series of sections there is no trace of the opening. If we take 
a globular cyst and dissect it with needles first of all an outer covering 
comes away—this is partly larval but must also be made up in part of 
tissues from the host. Within this outer cyst is the larva proper. If 
one dissects the latter in the same manner an apparent outer capsule 
can be picked away, and within this is another vesicle containing the 
scolex. What we first dissect away is the post-cephalic part of the 
larva and the inner vesicle is the receptaculum. 

In some cases the scolex is relatively large, may be coiled up in 
a double S-shaped form, and may lie apparently quite freely within the 
receptaculum. I believe that this is the case in the older Plerocercoid 
larvae: that the opening of the receptaculum may close up completely ; 
that the scolex may become separated from the other part of the larva; 
and may only be liberated when the double or treble cyst round it is 
digested within the alimentary canal of the final host. I have never 
seen any indication of beginning segmentation in the oldest of these 
Plerocercoid larvae. Obviously very many of the larvae must de- 
generate since not all their hosts have the evil fortune to be eaten by 
the final hosts. So one finds cysts which indicate that they are the 
degenerate remains of larvae only by the presence of the calcareous 
corpuscles, or by that of some waxy substance. 

The Oncosphere larvae, when liberated from the digested proglottis, 
probably pass through the wall of the stomach or intestine and enter 
the blood vessels. Usually the latter will be small factors of the 
hepatic portal system, so that the larvae must find their way through 
the liver and so into the systemic circulation, and in this way they will 
be carried to remote parts of the body of the host. One would 
conclude that a general infection must often take place; nevertheless, 
it is very rare and the reason may be that the larvae degenerate in 
the arterial blood stream: it may be that they are obligatory anaerobes. 
In the great majority of cases the infection is that of the peritoneum. 
The larvae in such cases have doubtless been carried into the arterioles 
of the peritoneum or mesenteries, and then they become arrested by 
the decreasing calibre of the arterial twigs in which they are circulating. 
They then begin to grow in size occluding the blood vessel, and pro- 
ducing a nodular swelling on the course of the latter. If the vessel lies 
near to the surface in the peritoneum covering the stomach or intestine, 
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or if it is situated in a mesentery, the nodule will come to project into 
the body cavity and a short stalk will be formed, so that the typical 
flask-like larval cyst is formed. 

Summarising the life-history we find that (1) Tetrarhynchus 
erinaceus is sexually mature in the large intestine of various species of 
Raia, but not in other genera of fishes so far as our knowledge goes. 
These fishes act as the “final host” and the ripe proglottides are then 
expelled per anum with the faeces. (2) The proglottides may lead an 
independent existence for a short time at the sea bottom and are then 
probably eaten by some small fish or invertebrate—the true larval 
host. (3) This animal is then probably eaten by the collateral host 
and the Oncosphere larvae develop within the body of the latter, 
usually inhabiting the peritoneum over the alimentary canal, or in 
the mesenteries; and there they attain the Plerocercoid stage and 
degenerate. Or the larval host may be eaten by the final host and 
the larva then begins to segment and attains sexual maturity. 


IV. The scolez. 


Tetrarhynchus erinaceus as found in Irish Sea fishes is rarely more 
than about 60 mm. in total length, but the ultimate proglottides are 
continually dehiscing from the strobila and one or more may usually be 
found in the large intestine of the host. The mature Cestode will live 
at least for several hours in a dish of clean seawater. It is very mobile, 
drawing itself along by means of rhythmic movements of the bothridia. 
The latter elongate, their anterior extremities being pushed forward 
and fixed to the object over which the worm is moving; the posterior 
extremities are then drawn forward and the scolex fixes itself in a new 
position. The proboscides act apparently only as organs of attachment 
and do not take an important part in the locomotion of the worm. 
The Cestode is rapidly killed by immersion in fresh water, and it soon 
breaks up when preserved in weak formalin. When preserved in any 
of the mercuric chloride fixatives the strobila usually remains intact. 

The worm represented in PI. XIX, fig. 1 was about 52 mm. in total 
length and possessed 47 distinct proglottides. The most anterior 
segments are very indistinct: they are about 0°2 mm. in length and 
about 0°6 mm. in breadth. The terminal proglottis, which was still 
incompletely ripe in the specimen figured, was about 3 mm. in length, 
and about 1‘2. mm. in breadth. The anterior segments are elliptical in 
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transverse section, being slightly flattened dorso-ventrally' but the more 
terminal segments are very nearly circular in transverse section. The 
genital apertures may usually be seen on the latter ten or so segments. 
They are always lateral in position and may be present on either 
margin of the proglottis but without any regularity as regards the side 
on which they occur. 

Bothridia. The scolex possesses two suckers or bothridia which are 
set at an angle to each other so that their anterior extremities 
approximate (Pl. XIX, figs. 2 and 3). They are sessile and their 
thickened rims are usually all that project beyond the surface of the 
axial part of the scolex. Seen en face they are roughly oval in outline 
but present a well-marked notch at their posterior margins and a 
slighter notch at their anterior margins. The suctorial surface is that 
of a cup marked longitudinally by a shallow fossa. The depth of the 
suctorial cup depends entirely upon the degree of contraction of the 
scolex: in Pl. XIX, fig. 2 the scolex is represented in the extreme degree 
of contraction, while Text-fig. 3 shows the scolex in a state of almost 
complete relaxation. The marginal parts of the bothridia consist of hard 
parenchymal tissue but the greater portion of the organ is muscular. 

The diameter of the scolex decreases passing back from the bothridia 
and then increases again, so that a swelling is formed and this marks 
the positions of the proboscis bulbs. All this part of the Cestode may 
be regarded as the scolex, or as the scolex and “ head-stalk.” The neck 
is the region immediately posterior to the proboscis bulbs and is 
characterised by lack of segmentation and by relatively undiffer- 
entiated tissues. Within it are the excretory canals, the longitudinal 
muscles and the nerve cords, but there are no traces of genital organs. 
Of course there is no sharp distinction between the scolex, neck and the 
anterior segmented part of the strobila. Behind the neck segmentation 
begins, the junctions of the young proglottides being marked by narrow 
transparent lines. Then one begins to see the rudiments of the genital 
organs as cords or blocks of cells. 


1 The terms ‘‘ dorsal” and ‘‘ ventral” have not the same precise significance in the 
case of a tapeworm as in the case of a higher animal. The ventral surface is usually 
regarded as that on which the genital aperture is situated, but this is lateral in T. erinaceus 
and one can only fix the ventral surface by a comparison of the relations of the genital 
organs. The bothridia are dorsal and ventral, but I have tried to avoid making any 
distinction between upper and lower surfaces and use the term dorso-ventral to designate 
the diameter at right angles to the diameter—from side to side—which is in the plane in 
which the lateral excretory canals are situated, 
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The proboscides. These are the most characteristic organs of the 
Cestode and enable one to identify it at a glance. They are differ- 
entiated very early in the development of the scolex, even before the 
bothridia have been formed, and the identification of the larva is always 
an easy matter when the proboscides can be seen. Usually they are 
invaginated in the larva, if so they can sometimes be extruded by 
gentle pressure on the cover glass while the worm is alive: but even if 
they are not extruded the large hooks can usually be seen. They are 
nearly always evaginated in the living worm and are extruded when 
the latter is killed by immersion in fresh water. There are four of 
these structures; and this number, with the presence of the notches 
and fossae on the bothridia, indicate that the primitive number of 
bothridia was also four. In a large Tetrarhynchus erinaceus the pro- 
boscides may be from 2 to 4 mm. in length and from 0°4 to 0°5 mm. 
in total diameter. Each proboscis consists of a sheath continuous from 
the tip of the organ to its insertion in the proboscis bulb. The sheath 
consists of two parts—proximal and distal. The posterior or proximal 
part is an integral part of the tissues of the scolex, is non-evaginable 
and is unarmed. The distal part is evaginable and is beset with hooks 
and spines on its internal surface. When it is invaginated it lies 
within the proximal part, but when it is evaginated the surfaces are 
reversed so that the hooks lie on its outer surface. 

The sheath of the proboscis is, in life, a clear, hyaline, tubular 
structure. The evaginable part consists of one uniform, structureless 
layer in which are inserted the hooks and spines. The part which lies 
within the scolex and is non-evaginable consists of two concentric 
laminae differing slightly in staining reaction. These layers are 
indistinctly separated from each other after fixation and the external 
one may exhibit an apparent vacuolisation. There are no muscle fibres 
on the sheath but here and there one may see scattered nuclei. The 
proboscides emerge from the scolex at the anterior and lateral margins 
of the bothridia, and at these points the tissues of the sheaths become 
continuous with the cuticle investing the body of the Cestode. 

The armature of the proboscis differs strikingly from that of other 
Tetrarhynchids with which I am acquainted and I propose to describe it 
in some detail since neither van Beneden (1858, p. 128, Pl. XVII) nor 
Vaullegeard (1899, Pl. XV) figures it very accurately. Pl. XX, figs. 6 and 
7 represent reverse and obverse views of the same proboscis (taken from 
a mature worm) and fig. 8 represents one view of a proboscis taken 
from a larva inhabiting the muscles of the Halibut. There may be 
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some slight variation in the arrangement of the hooks when the larva 
and adult worm are compared, but as a rule there is a great constancy 
in mature individuals. In comparing these drawings with actual 
specimens one must remember that quite a different appearance will be 
presented according to the way in which the proboscis lies since the 
hooks and spines in each oblique series differ from each other. One 
cannot slit up the proboscis and spread it out on the flat; and since it 
is necessary to focus down to the level of each hook it follows that those 
at the margins of the proboscis must be foreshortened. I have not 
been able to disintegrate the proboscis by maceration, or by treatment 
by alkalies: what happens in the latter method of treatment is the 
solution of the spines, and the shrivelling up of the sheath. 

The hooks and spines are arranged either as a continuous spiral 
running round the proboscis, or as a series of obliquely running rows— 
I have been unable to determine which arrangement is the actual one. 
They must be repeated from base to tip of the proboscis with great 
exactness since one always finds the same kind of hooks at the margins 
throughout a considerable part of a proboscis. There are five different 
kinds of hooks and spines which I letter as follows—the lettering being 
similar to that of the figures on Pl. XX. 

A. Large, broad, sharply pointed hooks with slipper-shaped bases. 
These hooks are remarkably constant in size and shape and measure 
about 0:06 mm. from the perpendicular through the tip to the perpen- 
dicular through the other extremity of the base. There are two of 
these hooks in each series, and they lie adjacent to each other. 

B. Long, relatively narrow, curved spines with small expanded 
bases. They are nearly straight for the greater part of their lengths 
but are sharply recurved at the tips. Fig. B in the Plate represents 
the extreme degree of curvature, usually the hook is less sharply 
curved. The length is about 0°04 to 0°05 mm. measured as in the 
figure. There are two of these hooks in each series, one adjacent to 
each of the large hooks A. 

C. Relatively long spines with slender sharp tips, and blunted 
projections near the bases. The latter are very small. The apical part 
is bent round nearly at a right angle to the basal part and is sometimes 
recurved in the opposite direction. The projection near the base may 
function like the barb in a fish-hook. The length of these hooks is 
about 0°04 mm. and there are two in each series, one being adjacent to 
each of the spines B. 
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TD. Long, very slender spines about 0°06 mm. in length. Their 
bases are only slightly expanded and the spines themselves are very 
nearly straight. There are two of these spines in each series, one 
adjacent to each of the hooks C. 

E. Small, slightly curved spines about 0°01 to 0°02 mm. in length. 
These spines are rather variable both in size and shape. Sometimes 
they are relatively long and resemble the spines D. Such are those~ 
found in the region beneath the large spines B to D where they are 
arranged in two rows of about six in each. Other spines are short and 
have broad bases being rather like the large hooks A except that they 
are very much smaller and not so strongly bent. In profile they are as 
represented in E, fig. 9. These spines are arranged in a continuous 
longitudinal series of several rows between the two spines D. 

In all these spines the curvature is outward and backward. All 
are hollow with openings at their bases. There does not appear to be 
any mechanism for their regeneration. Their general arrangement is 
represented in the following table where size of the letters represents 
roughly the relative sizes of the spines. 


EE 


BEET) C BAAB C_ Dee 


EEE EEEE EEEE 


The Musculature of the Scoler. The muscles of the scolex may be 
arranged in three main categories: (1) the complex musculature of the 
bothridia; (2) the extrinsic muscles of the proboscides; and (3) the 
intrinsic muscles of the proboscis. Both bothridia and proboscides are 
organs of locomotion rather than of attachment. The Cestode is always 
situated in the large intestine of the host behind the folds of the spiral 
valve, and thus in such a situation that it is not likely to become 
detached by the movement of food matter passing through the intestine. 
Therefore it is generally very lightly attached and can easily be removed 
without injury to the tissues of the scolex. The bothridia are used to 
enable the worm to execute creeping movements on the wall of the 
intestine in the manner already described. The proboscides appear to 
be used for the same purpose: first of all the organ is extruded and the 
hooks adhere to the intestine. It is then invaginated and the scolex is 
thus drawn forward. Both the bothridia and proboscides are therefore 
very mobile and have a rich muscular supply. 
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The Bothridia Muscles. Pl. XIX, fig. 4 represents a transverse 
section through the anterior part of the scolex. The bothridia are seen 
to be two shallow suckers, the marginal parts of which are composed of 
dense parenchyma and muscle fibres. The central parts are mainly 
parenchymatous but contain also some muscle fibres with other tissues. 
Towards the lateral margins, and placed symmetrically with regard to 
each other, are the proboscis sheaths. The proboscides themselves 
are evaginated and the structures within the sheaths are the retractor 
muscles, 

It is difficult to represent the exact dispositions of all the systems 
of muscle fibres in such a figure as this so I have prepared a diagram 
which shows the various components of the musculature of the bothridia 
as they would be seen if projected in a single transverse plane. They 
form a group of mutually antagonistic muscles the action of which 
permits of a great variety of movements on the part of the bothridia. 
They may be arranged as follows, the lettering of the various paragraphs 
corresponding to that of the diagram. 








Fig. 3. Diagrammatic transverse section of the scolex representing the arrangement 
of the muscle fibres. Only a few fibres of each series are figured. 


a. Transverse fibres running straight across from side to side of 
the scolex in two parallel bundles, one of which is internal to each 
dorsal and ventral pair of proboscides. They are inserted into the dense 
parenchymatous tissue at the places of origin of the bothridia. 

b. Transverse dorso-ventral fibres which run at right angles to 
those lettered a, and which are arranged in two bundles or sheets, one 
of which is internal to each lateral pair of proboscides. They are 
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inserted into the integument of the suctorial faces of the bothridia on each 
side of the shallow fossae which run longitudinally along the faces of the 
latter organs. 

c. Transverse fibres running chiefly dorso-ventrally in the parts of 
the scolex external to the proboscides. They form two compact sheets 
of fibres in the axial parts of the scolex but fan out in the bothridia so 
that their fibres are inserted in the tissues beneath the integument of 
the suctorial faces between the longitudinal fossae and the lateral 
margins. 

d. Tangential fibres which are gathered up into two compact 
sheets in the central parts of the scolex, and which run roughly 
parallel to the central parts of the suctorial faces of the bothridia. 
Laterally these fibres radiate out and are inserted into the integument 
of the external convex faces of the bothridia. 

f. Fibres inserted in the marginal parts of the suctorial faces of 
the bothridia. Some of these run dorso-ventrally from one bothridium 
to the other, and are thus identical with series c but others originate in 
the dense tissue where the bothridium arises from the axial parts of 
the scolex. 

g. Radial fibres running in sheets parallel to the marginal parts of 
the bothridia and inserted into the tissues forming the rims of the latter. 
Some of these fibres originate in the dense tissue at the bases of the 
bothridia, but others are identical with the fibres of series a and c. 

h. Numerous fibres which join the suctorial (concave) and external 
(convex) faces of the bothridia, They may function in flattening the 
latter organs. 

e. In addition to all these fibres there are others which run 
longitudinally beneath the integument both in the bothridia and in the 
axial part of the scolex. Those which are present in the bothridia are 
evidently inserted into the dense tissue at the anterior and posterior 
ends of these organs, but those present in the axial part of the scolex 
are an integral part of the general longitudinal series of integumentary 
muscles of the whole strobila. 

All these muscles fibres are smooth and unstriated and are not 
provided with nuclei nor have they any myoblast substance. They are 
about 2 in diameter, stain deeply with methyl-blue-eosin and can 
easily be distinguished from the surrounding tissues. 

The Muscles of the Proboscis. The extrusion of the proboscis is not 
directly a muscular act. The lumina of the sheaths and bulbs are filled 
with fluid and the extrusion of the proboscides is the result of an increase 
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in the pressure of this fluid. The lumen of the sheath and that of the 
bulb are continuous so that when the latter is contracted the fluid in the 
sheaths presses upon the part of the wall just where it is invaginated 
inwards. The mechanism involved is obviously similar to that which 
leads to the evagination of the proboscis in Nemertine and Acantho- 
cephalan worms. 

There are four series of muscles in relation to the proboscides :— 

(1) Extrinsic tangential fibres. These are represented in Pl. XIX, 
fig. 4. They are found in the region of the non-evaginable proboscis 
sheaths. They are fibres which originate in the walls of the bothridia 
and the posterior part of the scolex and which are inserted tangentially 
into the walls of the sheaths throughout the greater part of the lengths 
of the latter. Their function is obviously that of holding in position the 
non-evaginable parts of the proboscis sheaths. 


gen 
oo eee 2 aa 





Fig. 4. Two diagrammatic transverse sections through the neck of the worm. The 
upper section passes immediately behind the proboscis bulbs; the lower is just before 
the region of segmentation. 


(2) Extrinsic longitudinal fibres. These are represented in Pl. XIX, 
figs. 3 and 5 and in Text-fig. 4. They are relatively coarse fibres which 
are inserted in the outer parts of the walls of the bulbs along the 
greater parts of the length of the latter. Towards the posterior part of 
the bulb these fibres are gathered up to form four roughly crescentic 
bundles the convex surfaces of the crescents being external (Text-fig. 4). 

A little way further back in the neck of the Cestode these bundles 
flatten out and the two dorsal ones fuse together to form a sheet of 
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fibres, while a similar fusion takes place with respect to the ventral fibres. 
(Fig. 4, the lower figure.) They now form the anterior section of the 
general longitudinal musculature of the strobila. 

(3) Intrinsic proboscidial muscles. The proboscis bulbs are the 
posterior terminal parts of the proboscidial apparatus, and are situated 
near the posterior part of the scolex at the place where the latter 
exhibits a distinct swelling. They are represented in Pl. XIX, fig. 3 as 
they are seen in cleared preparations of the scolex, and they are also 
represented in section in Pl. XIX, fig. 4. Each of them is a cylinder which 
is about 2 mm. in length and about 0°7 mm. in diameter. The bulb is 
nearly circular in transverse section and consists of an outer wall of 
cuticular nature which is continuous with the wall of the sheath and 
with that of the proboscis; of an inner wall, also continuous with 
the sheath; and of an intermediate layer of muscle fibres. This 
muscular part takes up by far the greater part of the thickness of the 
wall of the bulb: it is not of uniform thickness and fails entirely at the 
part of the wall nearest to the integument of the scolex and just here 
the cuticular outer part of the wall of the bulb is greatly thickened and 
forms the place of origin and insertion of the muscle fibres composing 
the intermediate layer. The diameter of the lumen of the bulb is only 
about one-third of the total thickness of the latter, and the lumen itself 
is not quite circular in transverse section. 

The muscle fibres included in this intermediate part of the bulb 
wall are arranged in two series which run obliquely round, being inserted 
at either end into the thickened cuticular external wall. They con- 
tinually decussate with each other crossing at an angle of about 45°. 
They are not arranged in bundles or laminae but lie quite loosely from 
each other except at certain places where the fibres appear to be twisted 
round each other. Obviously the effect of the contraction of these 
muscles will be to reduce the diameter of the bulbs and so to exert 
pressure on the fluid contained in the lumina of the sheaths. 

(4) The Retractor muscle of the proboscis. This structure (see PI. 
XIX, fig. 5) is a compact bundle of smooth fibres each of which is about 
2 in diameter, the whole bundle measuring about 0°03 mm. in total 
thickness. It originates at the extreme posterior end of the proboscis 
bulb and is inserted into the internal wall of the proboscis at the 
extreme tip of the latter. The muscles run axially through the sheaths 
and bulbs and are quite free from the latter except at theirends. They 
must be capable of contraction to about one-third of their entire lengths, 
They function of course in the invagination of the proboscides. 
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The supposed striation of the muscles of the proboscis bulbs. A 
distinct striation of these fibres has been described by several authors. 
Pintner (1880, p. 51) states that they are generally striated and 
comments on this condition as one of the very few instances of striped 
muscle in the phylum of the Platyhelminthes. He describes the 
proboscis bulb in Tetrarhynchus longicollis van Beneden as being built up 
of six distinct laminae in all of which the fibres are transversely striated ; 
and he figures an isolated “ Muskelband” in which there is a very 
evident appearance of banding (Taf. IV, Fig. 6). The diameter of this 
structure is not given so that it is difficult to be sure whether a single 
fibre or a small group of such is intended to be represented. In a 
further paper Pintner (1893) describes a similar condition in Tetra- 
rhynchus smaridum Pintner, and though he admits that the striation is 
“ausserordentlich Zarte,” and only to be seen with difficulty, his 
references and figures (p. 626 and Taf. IV, Fig. 60) appear to leave no 
doubt as to his interpretation of the structure seen in the fibres. 
Vaullegeard (1889, p. 316) describes striated fibres in the bulbs of 
Tetrarhynchus rufficollis Eisenhardt; and Lénnberg (1889) describes 
a similar condition in the larval form Coenomorphus linguatula (van 
Beneden) and in Tetrarhynchus tetrabothrivs van Beneden (Lénnberg, 
1891, p. 60, Taf. I, Fig. 17). There is therefore an apparent body of 
evidence in favour of the occurrence of cross-striated muscles in Tetra- 
rhynchids. Now it appears unlikely, a priori, that transverse striation, 
which is usually associated with rapidly contracting muscle fibres, 
should occur in the slowly contracting muscles of the proboscis 
bulbs and be absent in the much more mobile bothridial muscles, and 
it is worth while examining further into the nature of these structures. 
I am quite unable to find any evidence that such indubitably striated 
fibres do occur either in Tetrarhynchus erinaceus or in T’. tetrabothrius 
and I can only explain the strikingly distinct figures given by the 
authors quoted by supposing that they have been observing artifacts. 
Pintner’s work on the Tetrarhynchids bears every indication of extreme 
accuracy of observation and I have been able to confirm almost every 
detail of structure described by him, with the exception of these so-called 
striated muscle fibres; and must conclude that the appearance is a 
spurious one. 

Such a spurious striation certainly occurs in the species now under 
description and is represented in Pl. XXIII, figs. 22 and 23. It will be 
seen from Pl. XIX, fig. 5 that the decussation of the muscle fibres is 
exhibited very clearly in certain parts of the transverse section of the 
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bulb. In such a section the fibres are either cut obliquely so that short 
lengths of each are to be seen in the same field, or they may be cut so 
that comparatively long lengths are shown. As a rule the fibres lie quite 
loose from one another, especially when the proboscides are retracted, 
and the muscles of the bulbs are relaxed; but when the latter are 
contracted so as to produce the evagination of the proboscis quite a 
different appearance may be observed, and then an apparent cross- 
striation, but altogether too bold and striking an appearance to be a 
genuine one, may be seen. I have represented this appearance as seen 
under an oil immersion lens in Pl. XXIII, figs. 22 and 23. The former 
figure suggests that there are alternate light and dark fibres running 
parallel to each other and that while the darker fibres are not marked 
in any way the lighter ones are most distinctly crossed by transverse 
lines, each line indicating a constriction of the fibre. This appearance 
is as a rule most marked at the part of the wall of the bulb nearest to 
its internal surface (with respect to the axis of the scolex), and here the 
fibres may appear to be cut up into blocks. The latter figure represents 
a part of the muscular wall of the bulb near to the place of insertion 
of the fibres in the cuticularised external surface and here the fibres 
are obliquely striated so that they resemble closely twisted ropes of 
several strands. The diameter of these “fibres” is about 2-3 p. 

I think it is quite evident that this so-called striation is really due to 
an interlacing of the fibres so that strands of two or more are formed. 
If this interlacing were very close the fibres might appear to cross one 
another at a right angle and so we should have an appearance of 
striation, but obviously a spurious striation. The proof of a real banding 
would be afforded by the staining of isolated fibres, and Pintner indeed 
figures such a dissociated fibre, but it appears to me to be likely that 
this structure was really compound. I have tried dissecting out the 
whole bulb and teasing it so as to break the muscular wall and leave 
the ends of the fibres projecting. In such a preparation there is no 
trace of a real striation. 

The Excretory Canals. There are two longitudinal excretory canals 
in the more anterior proglottides on either side, but these vessels branch 
in the scolex and form a very complex system. The two main canals 
continue to run as far forward as the posterior extremities of the pro- 
boscis bulbs, but about this region they begin to branch so that four or 
five canals of approximately equal diameter may be seen lateral to the 
proboscis sheaths. These main canals cannot be seen in the axial parts 
of the scolex, nor dorsal or ventral to the proboscis sheaths, behind the 
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bothridial region. Their diameter varies very greatly so that some- 
times they are large and quite circular in transverse section, and possess 
very thin walls with very few nuclei, but at other times they are greatly 
contracted and appear as mere chinks in the tissues of the scolex, their 
walls then being thick and rugose in transverse section. Occasionally 
the canals may be so much contracted as to be almost invisible so that 
it is very difficult to trace them from section to section of a series. The 
varying diameter appears to be due mainly to the manner of fixation 
of the worm. The distribution of the main excretory canals in the 
bothridia is very complex since they form a close plexus here. The 
main canals branch repeatedly and the finer vessels are connected by 
numerous anastomoses. These smaller branches are most abundant in 
the neighbourhood of the central nervous system and in the marginal 
parts of the bothridia particularly underneath the suctorial faces of the 
latter. 

The Central Nervous System. There is greater difficulty in the 
investigation of the nervous system than in that of any other system of 
organs in the whole Cestode. This difficulty is, of course, one which is 
experienced by all students of the nervous system of invertebrata, and 
depends largely on the failure to obtain a thoroughly satisfactory 
staining reaction in the case of the fibres. But added to this we have 
in the case of the Cestodes an arrangement of nerve tracts and centres 
which is unfamiliar since it differs notably from the conditions in most 
other invertebrates ; and which appears to be remarkably complex when 
one considers that there is not the same necessity for coordinated 
movement on the part of the animal, while the environment is a very 
uniform one. Added to these difficulties there is that of the lack of 
definiteness in the centres and nervous tracts. In most invertebrates 
one finds rigidly circumscribed, or encapsulated centres or ganglia, and 
compact nerve cords; but in Tetrarhynchus all the organs are embedded 
in the ubiquitous parenchyma, and sometimes the limit between this 
tissue and the organs which. it surrounds is not a very well-defined one. 

General stains do not differentiate the nervous structures of this 
tapeworm in a very satisfactory manner; and in the only preparation 
which I have been able to make, involving the use of vom Rath’s 
fixative followed by staining in iron haematoxylin, the reaction is not 
much more useful. Most of the figures which I give here are based on 
one complete series of sections of a scolex taken from a worm which was 
killed in fresh water and fixed in dilute formalin. These sections were 
stained with methyl-blue-eosin, but probably because of the imperfect 
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fixation the usual purple of the sections faded entirely and left only a 
pure blue. It was evident that only the modified parenchyma in the 
nervous system had stained, with of course the muscle fibres in 


surrounding parts. 
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Fig. 5. Schematic representation of one-half of the central nervous system seen as 
projected in a horizontal plane. The relative proportions of the various parts are 
fairly accurate, the figure having been reconstructed from serial sections. The darkly 
shaded parts are the approximate loci of the ganglionic cells. The main trunks of 
the excretory canal system are also shown. Mag. 90 dia. 
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In several other series of sections fixed with Zenker’s fluid and 
stained with methyl-blue-eosin a finer differentiation was obtained but 
the staining was then much more general and it became exceedingly 
difficult to trace the boundaries of the nerve tracts and centres, though 
details of structure became apparent. I have therefore reconstructed 
the nervous system of the scolex from the former series, which although 
defective as regards the differentiation of the essential nervous elements 
still enables one to trace the locus of the organs. Fig. 5 is a projection 
of the dorsal half of the central nervous system in one horizontal plane, 
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and has been reconstructed from serial sections ; and Fig. 6 is a similar 
reconstruction projected in a single transverse plane. Fig. 7 is a pure 
diagram but may be useful in enabling the reader to follow the de- 
scription. The exact situation of the central nervous system may be 
fixed by a reference to the diagrammatic transverse section (Text-fig. 3, 
p. 379). It is contained in the space bounded by the dorso-ventral 
muscles c, the horizontal muscles a, and lying between the dorsal and 
ventral pairs of proboscis sheaths. It is all contained within relatively 
few sections of the series. 
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Fig. 7. The central nervous system. The figure is entirely schematic, the commissures 
being rather widely separated so as to make their relations as clear as possible. 


The whole is built up round four paired masses which in order to 
avoid circumlocution I will call ganglia. These structures are arranged 
as right and left dorsal, and right and left ventral. From each of them 
a stout nerve, hardly less in diameter than the ganglion itself, proceeds 
and runs transversely and anteriorly into the antero-lateral parts of the 
bothridia. These are the paired anterior bothridial nerves—four in 
number. The ganglia are connected together by commissural tracts. 
The corresponding right and left centres are joined together by paired 
transverse commissures. These two commissures run transversely across 
the scolex from side to side and near to the middle line—much 
nearer than is suggested in the diagram Fig. 7. Posterior to them the 
anterior ganglia of the same side approach each other in the middle line, 
and right dorsal and right ventral masses fuse together, also left dorsal 
and ventral centres. From the points of fusion another commissure 
takes origin: this is the posterior median commissure: it crosses the 
scolex from side to side just posterior to the anterior tracts. Thus we 
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have the paired ganglionic masses connected together by means of three 
commissures—two anterior and paired, and one posterior and unpaired. 

Each of the four anterior ganglia is continued backwards in the form 
of a very short longitudinal connective. Almost immediately after 
springing from the anterior ganglia each of these connectives swells out 
so as to form four posterior ganglia and from each of these masses a 
nerve takes origin: the four nerves so formed are the posterior bothridial 
nerves: they run backwards and ontwards to the postero-lateral parts 
of the bothridia. 

The longitudinal connectives are then continued backwards and the 
two on each side fuse together and are joined by another connective 
which proceeds from the lateral margins of the posterior commissure. 
The three connectives of each side now fused together form the lateral 
nerve cord and this passes posteriorly along the scolex. Presumably it 
runs backwards and is continuous throughout the strobila from segment 
to segment, though I have not been able to identify it with certainty 
in the sections of the proglottides. Just opposite to the posterior 
margins of the bothridia, but within the axial part of the scolex, this 
lateral nerve cord swells out again to form what appears to be a short 
columnar ganglion, and a stout nerve takes origin in this structure. 
The two nerves so formed—the proboscidial nerve trunks—run backwards 
and inwards toward the axis of the scolex and very soon bifurcate. The 
two branches of each side run posteriorly, still enclosed in the same 
sheath of parenchyma between the proboscis sheaths, and at the 
beginning of the proboscis bulbs they separate from each other. Along 
that part of the outer wall of the bulb which is nearest to the axis of 
the scolex there is a strip of tissue of very obscure nature, consisting of 
parenchymatous and large rounded cells. The proboscidial nerves apply 
themselves to these strips of tissue and presumably the fibres penetrate 
into the muscular wall of the bulbs. It is quite unknown in what 
manner the finer fibres of the nerves end in the muscle fibres of the bulb, 
and I have, as yet, no observations to make with regard to this point. 

Now so far there is little doubt as to the relations of the various 
parts of the central nervous system which we have been considering. 
But whenever we begin to examine more closely into the minute 
structure of the masses called “ganglia” and “commissures” we 
encounter difficulties. The genglia ought obviously to contain nerve 
cells, unipolar or multipolar, and the commissural and connective tracts 
should consist of nerve fibres, or of the ramifications of the processes of 
nerve cells. But of nerve cells there is no trace in the so-called ganglia, 
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anterior and posterior. In the series of sections from which Text-figs. 5 
and 6 have been reconstructed there are indeed no traces of truly nervous 
tissues of any kind—neither cells nor fibres. All that is present is 
a modified parenchyma consisting of a relatively coarse and deeply 
staining reticulum, the fibres of which are arranged to form a network 
enclosing polyhedral or rounded spaces, and including very few nuclei 
within itself. This tissue is very similar in nature to the modified 
parenchyma which is found beneath the basement membrane of the 
integument; it is not definitely bounded but is continuous with the 
general parenchymatous tissue which surrounds the organs of the scolex 
and proglottides ; and it is a supporting structure, or neuroglia, for the 
essential elements of the nervous system. When the scolex is stained 
so that the blue colouration obtained from methyl-blue-eosin becomes 
predominant, and the red and purple reaction is faint, or absent, 
this neuroglial tissue is all that one sees, 

In sections made from a scolex which has been fixed with Zenker’s 
fluid, and stained with methyl-blue-eosin so that the red and purple 
hues predominate, the appearance of the tissue is quite different. The 
nervous system is now much more definitely circumscribed and one can 
make out the existence of a sheath such as is described by Pintner 
(1880)—a very delicate capsule on which are situated some scattered 
nuclei. The parenchyma cannot now be distinguished as a separate tissue 
element. Within this sheath there is—in the structures described as 
anterior and posterior ganglia, anterior commissures, bothridial and 
proboscidial nerves, and connectives—only a kind of “neuropil” a fine 
granular substance staining a faint red with methyl-blue-eosin, and 
evidently consisting of the sections of very fine fibres cut in all planes. 
There are no nerve cells in any of the parts of the central nervous system 
mentioned above; and it is only in the posterior unpaired commissure, 
and in the short columnar ganglia situated on the courses of the lateral 
nerve cords, that true ganglion cells are to be found. These ganglion cells 
are both unipolar and multipolar; they are rather large (about 40 uw 
in longest diameter) and have all the structure usually associated with 
such cells in other invertebrates. They are very easily seen in properly 
stained sections and I have no doubt as to their absence in all the parts 
of the nervous system except in the posterior commissure and in the 
secondary ganglia on the lateral nerve cords—the only parts of the 
whole series which can properly be regarded as nerve centres. Now 
the use of the terms “ ganglion” and “commissure” in relation to the parts 
of the nervous system of Tetrarhynchus appears to be of doubtful 
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propriety, but I am unable to describe them otherwise in few words so as 
to make their topography clear. Until the whole system of organs 
shall have been described in the light of information gained from a 
variety of staining and fixing methods the above terms may suffice. 

The most accurate account of the central nervous system of a Tetra- 
rhynchid in the literature is that of Pintner (1881) with reference to 7. 
longicollis van Beneden. In a later paper Pintner also describes the 
nervous system of 7. smaridum Pintner. This later paper is evidently 
only a preliminary description but the relationships of the nervous system 
are essentially those which I have just described with reference to 
T. erinaceus. Pintner’s Pl. III, figs. 33 to 47 represent a series of 
sections through a scolex and one can easily distinguish the four ganglia, 
the two paired anterior, and the posterior unpaired commissures just as 
they are represented in the present paper. There is little doubt that 
the conditions in 7. smaridum are identical with, or are very similar to, 
those of 7. erinaceus. In the earlier paper quoted Pintner gives a much 
more detailed description of the histology of the nervous system of 
T. longicollis and there is evidence everywhere in this fine memoir of 
accurate and close observation. The anterior ganglia are represented as 
fibrous in structure and as entirely devoid of nerve cells; and this is also 
the structure of the two anterior commissures; but instead of an 
unpaired posterior commissure Pintner describes a ganglionic mass 
occupying the same position. The whole brain is described as being 
surrounded by a sheath, finely fibrous in structure and containing nuclei. 
It is described in general terms as consisting of a ganglionic centre 
surrounded by a ring-shaped commissure. 

In Tetrarhynchus erinaceus this fine structureless membrane, or brain 
sheath, can just be seen in relation to the anterior ganglia; it does not 
appear to be present, or it is very obscure in relation to the commissures, 
while it appears to be certainly absent from the periphery of the 
posterior commissure. .In a few sections made from an imperfect scolex 
fixed in vom Rath’s fluid and stained with iron haematoxylin this 
posterior commissure is present and I am sure that it contains fibres 
running longitudinally through it as well as nerve cells, which appear 
to be multipolar. But the posterior commissure is not nearly so 
compact as either of the others, and the ganglion cells are surprisingly 
few in number: in a complete series of sections they could easily be 
counted. Thus the nervous system differs from that of most inverte- 
brates (1) in that the periphery is fibrous while the central region is 
ganglionic; (2) in the massive development of the commissural tracts in 
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relation to the truly central elements; and (3) in the curious lack of 
definite boundaries to all these parts, with the possible exception of the 
anterior ganglia. It is indeed difficult to be sure of the distinct 
existence of a definite brain sheath when one fails to delimit it in sections 
stained so as to bring the parenchymatous matrix into prominence. 

I think that the ganglionic region on the course of the lateral nerve 
cords has possibly been seen by Laczkd (1880). In a paper which is 
apparently only a preliminary communication this author describes 
“machtige ” ganglionic regions in the nervous system of Tetrarhynchid 
larvae. Some of these appear to be columnar and to be situated in the 
neighbourhood of the lateral nerve cords. In the absence of figures it 
is indeed impossible to be certain as to the precise situation of these 
structures but it is possible that they are those which I have mentioned 
as giving origin to the proboscidial nerves. 


V. The integument. 


The membrane covering the outer surface of the body of a Cestode 
differs notably from that present in most other invertebrates. In such 
a form as that now being described the tissue elements are: (1) the 
cuticula; (2) the underlying parenchyma; (3) the subcuticular cells ; 
and (4) the integumentary muscles. A “basement membrane” lying 
just beneath the cuticle is also frequently described, and the integument 
also contains gland cells, calcareous corpuscles, myoblasts, nervous 
elements, and the terminal flame-cells of the excretory organs. I am 
unable in the meantime to give a detailed description of the latter 
structures. 

The cuticula. This layer covers every part of the surface of the 
body and is directly continuous at the genital aperture with the internal 
wall of the genital ducts; and it is also continuous with the cuticular 
wall of the proboscides, and with that of the proboscis sheaths. It is 
a firm, uniform, structureless layer of variable thickness but never more 
than about 0°01 mm. in depth. It is said to be perforated by delicate 
canals running at right angles to its surface but I have been unable to 
see these. Normally it is finely granular in appearance and stains 
a light blue with methyl-blue-eosin. In sections which have been fixed 
with Zenker’s fixative there is no appearance of lamination, nor of the 
deposition of the cuticle in any definite order; but in sections fixed in 
vom Rath’s fluid and stained with iron haematoxylin I have observed 
a vertical striation. This is figured very accurately by Pintner (1880, 
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Pl. V, figs. 3 and 4). I have no doubt that the appearance is that of an 
artifact produced by the action of the fixing reagent. 

The cuticula rests on a layer which is usually called a basement 
membrane—but which appears to be only a specialised part of the 
underlying parenchyma. It stains pure blue with methyl-blue-eosin 
and is, as a rule, strongly contrasted with the adjacent layer of 
parenchyma, which stains with difficulty, and with the red staining 
integumentary muscles. Sometimes the basement membrane is so faint 
as to be unrecognisable. 

The parenchyma. This tissue appears at first sight to consist of 
polyhedral cells which are closely apposed and possess walls which stain 
with difficulty, and cell bodies which do not stain at all, or only 
extremely faintly. It is usually so figured and it is so represented in 
Pl. XXIII, figs. 19 and 21, but it is certain that it consists of a relatively 
coarse reticulum which can be stained with methyl-blue-eosin by 
differentiating so that the red of the stain disappears and only the blue 
is left. The reticulum bounds spaces which contain only fluid con- 
tents. It includes small nuclei but it is difficult to be sure that these 
have any constant situation with regard to the meshwork. Among the 
other elements of the parenchyma are round or ovoid cells with prominent 
nuclei and these cells are large in comparison with the intra-reticular 
spaces: they probably belong to the same category as that to which the 
subcuticular cells belong. The parenchyma is the ground tissue of 
the Cestode, and fills the interspaces between the other organs. It 
can be traced right up to the cuticle, being differentiated beneath the 
latter to form the basement membrane. 

The subcuticular cells, Pl. XXIII, figs. 19 and 21. These are situated 
beneath the basement membrane and form a more or less continuous 
layer embedded in the parenchyma. They are never so numerous as to 
form a closely packed stratum, and there is little significant difference 
in their relative abundance in different parts of the body. They are 
about 8 yw in longest diameter and have round or ovoid cell bodies which 
are produced into delicate prolongations which can be traced towards 
the cuticle: usually the subcuticular cells are so arranged that their 
long axes are perpendicular to the surface of the body. The cells have 
large nuclei, prominent nucleoli and granular cell protoplasm. Among 
them are apparently isolated nuclei which probably belong to the 
parenchyma, 

The function usually ascribed to the subcuticular cells is that of the 
secretion of the cuticle. The latter appears to be a secretion from 
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some underlying tissue; and since the subcuticular cells have a 
glandular appearance and send prolongations towards the cuticle just 
as unicellular cells are situated with regard to the surface on which 
they open, they have had this function ascribed to them. If we study 
the development of the genital ducts we find that these are at first 
apparently epithelial in nature, that is they have walls which are 
composed of two layers of rounded cells lying in close contact with 
each other. By-and-by a homogeneous membrane appears between 
these two layers of cells, and the latter then begin to degenerate, so 
that the wall of the duct finally becomes a membrane of homogeneous 
structure, and with cell nuclei on its outer and inner surfaces. It is 
supposed that the subcuticular cells are related to the cuticle in much 
the same way as the pseudo-epithelial cells are related to the developing 
genital ducts. But there does not appear to be any direct evidence in 
favour of either hypothesis; and it seems quite as likely that the 
wall of the duct is laid down as a secretion from the surrounding 
parenchyma, and that the cells, or nuclei, are functional in subserving 
the nutrition of the duct wall. If this is the case we can hardly regard 
the subcuticular cells as directly concerned with the deposition of the 
cuticle, for they bear a very similar relation to the latter structure. 
What then is their function? Pratt (1909) regards them as indifferent 
cells, or embryonic residual tissue, which develops into other specialised 
structures as the Cestode grows in size; or perhaps as glandular cells 
which secrete some substance acting as a means of defence against the 
digestive juices of the alimentary canal of the host. Now some such 
means of defence must, it appears to me, be postulated in the case of 
a parasitic Trematode or a Cestode but though the view is a probable 
one it cannot be backed up by direct evidence. Against it is the 
appearance of the cells, which is not a glandular one; and it seems 
to me that it is more likely that they are trophic in function and have 
to do with the nutrition of the cuticula. 

The integumentary muscles. These are present as two main series 
and are represented in P|. XXIII, figs. 19 to 21. Fig. 20 depicts part of 
a section made tangentially to the surface of the integument: it passes 
through the latter just beneath the cuticle and is thick enough to 
include both the longitudinal and transverse muscle layers, The 
transverse fibres are situated externally just beneath the basement 
membrane and are arranged as an uniform layer of very fine fibres. The 
underlying longitudinal fibres are much coarser and they run in irregular 
bundles enclosing interspaces. In the region of the scolex and in the 
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more immature proglottides they form a very uniform layer, but in the 
more mature segments they are arranged in irregular bundles as is 
shown in Fig. 21, the bundles being elongated at right angles to the 
integument. 

In the region of the scolex a second series of transversely running 
fibres may be present just internal to the longitudinal layer: these are 
shown in Pl. XXIII, fig. 19. They are quite absent in the mature pro- 
glottides. In the scolex other muscle fibres may also be present ; some 
of these run dorso-ventrally, or at right angles to the axis of the scolex 
in various planes; and some are evidently the prolongations of myo- 
blast. But the true integumentary muscles consist of smooth unstriated 
fibres without cell bodies or nuclei. They always stain a bright red 
with methyl-blue-eosin. 

The integument as above described varies only to a slight extent 
in different parts of the body, the chief modifications being those of the 
arrangement of the muscle layers. 


VI. The immature proglottis. 


The male genital organs. The following account of the anatomy of 
the proglottis, which I hope will add materially to our knowledge of the 
morphology of the Tetrarhynchids, is based almost entirely on the study 
of serial sections. Stained and cleared preparations of the whole 
proglottis help us very little in this respect, for the segment is nearly 
cylindrical in shape and can be flattened out to a very slight extent. 
The larger genital organs can indeed be made out but it is quite 
impossible to attempt to trace the relations of the ducts. The recon- 
struction of the organs from a complete series of sections is therefore 
the only practicable means of studying the anatomy of the proglottis. 

Pl. XXI, fig. 10 is a reconstruction of the genital organs present in 
the immature proglottis and has been reconstructed from a complete 
series of transverse sections: it should be compared with Text-fig. 8, 
which represents a transverse section through a proglottis in the same 
phase. The former figure is slightly diagrammatic, that is the coils of 
the vas deferens and uterus are made less complex than they ought to 
be and the vitellaria are drawn as if they were two bands along the 
lateral margins of the segment: in reality they are present all round 
the periphery of the latter. The ovary is situated at the posterior end 
of the proglottis and the genital aperture is at the postero-lateral 
margin. From this common genital aperture two ducts proceed : one, 
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the copulatory passage, or vagina, runs backwards with few convolutions 
and ends in a dilatation—the receptaculum seminis. The oviduct takes 
origin from the posterior margin of the ovary and is almost immediately 
joined by a very narrow duct from the receptaculum seminis—the 
canalis seminis. The oviduct now turns forward and is joined by the 
vitelline duct and it also receives the efferent stalks of the cells of the 
shell gland. The compound duct so formed, which may be called the 
uterine canal, runs forward being thrown into numerous convolutions 
and opens into a thick walled sac which lies along the ventral side of 
the segment. This is the uterus. It does not open to the exterior. 
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Fig. 8. Transverse section through an immature proglottis in much the same stage of 
maturity as that represented in Pl. XXI, fig. 10. The shading of the various organs 
is quite diagrammatic but their positions and proportions are fairly accurate. Mag. 
70 dia. 


The male genital tract begins as the cirrus—an evaginable tube 
surrounded by a muscular apparatus—the cirrus sac. Leaving the 
cirrus sac the male duct expands to form the vesicula seminalis and is 
then continued as a wide duct—the vas deferens, which runs forward in 
close coils, and then branches to form the vasa efferentia each of which 
finally ends in a testicular follicle. 
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We may now consider these various organs in greater detail. 

The testes. 1 have called the proglottis represented in Pl. XXI, 
fig. 10 an immature one in relation to the development of the fertilised 
ova, but it really represents the maximum degree of development of 
the male organs. As the segment grows in size the male apparatus 
degenerates and only then do the female organs attain their greatest 
development. In the phase under consideration there are about 
300-400 testes in a single segment, and they occupy a considerable 
proportion of the bulk of the latter. It is difficult to count their exact 
number or to represent them all accurately in one drawing as they are 
partially superposed on each other. Each is a short cylinder tapering 
towards one end (Text-fig. 8) and placed with its long axis in a 
dorso-ventral direction. They lie in the central part of the segment but 
there are always a number at the anterior end in front of the uterus. 
They are completely surrounded by the vitelline glands and dorsal and 
ventral to them are the longitudinal muscles of the proglottis. Each 
follicle is about 0°2 mm. in length, and about 0°05 mm. in diameter. 

The testicular follicles in the youngest segments in which they can 
be identified are about 0°02 mm. in diameter. Each consists of a mass 
of undifferentiated cells, and there are usually about ten to twenty of 
these in a transverse section. There is no testicular membrane in these 
youngest testes, but as development proceeds a very delicate limiting 
membrane makes its appearance. The cells in the interior now become 
more numerous, the follicle grows, and differentiation begins. Pl. XXII, 
fig. 18 represents an immature testicular follicle and we see that there 
is an outer epithelial layer consisting of rounded cells which are not in 
close contact with each other, while within this are two kinds of cells. 
One kind, y, resembles those of the periphery and are still undifferentiated ; 
but the others, 8, are evidently actively dividing. I have been unable 
to see any actual division figures but the material at my disposal was not 
such as would show these easily. These dividing nuclei are larger than 
the other cells and have very prominent chromatic synapses. 

Pl. XXII, fig. 15 represents an older follicle from a riper proglottis 
and is cut longitudinally. There is now a very evident outer limiting 
membrane and the peripheral layer of cells has broken up, though 
undifferentiated cells of the same kind are to be seen in groups round 
the margin: these cells are about 4 w in diameter and they always lie 
in groups against the outer membrane. At § can be seen cells similar 
to those so lettered in fig. 18 and like the latter they are large and have 
prominent chromatic reticula. They usually lie separately from each 
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other. Other cells in the interior of the follicle are entirely undiffer- 
entiated, are small and stain faintly: they are evidently cells which are 
taking no active part in actual spermatogenesis. 

The distinctive character of the follicle at this stage is the presence 
of relatively large capsular structures about 0°02 mm. in diameter (6) 
consisting of an outer single layer of cells similar in character to those 
lettered y. These cells are always arranged loosely and are hardly in 
actual contact with each other, so that it is sometimes difficult to be 
sure that they form an actual capsule and are not simply the limits of 
a space formed among the indifferent cells of the follicle. Within this 
capsule is an ovoid body which is about 0016 to 0°018 mm. in diameter, 
and which is separated from the capsule by a space. It is coarsely 
granular in structure and has small projections on its periphery. 

The above structures are all that are present in the maturing 
follicle. 

All the follicles in the testis represented by Pl. XXI, fig. 10 are ripe 
and contain fully formed spermatozoa. They are now larger and looser 
in texture than in preceding stages. P|. XXII, fig. 13 represents such a 
ripe testis cut longitudinally and it will be seen that considerable changes 
have taken place. The outer limiting membrane still exists but the 
layer of marginal cells has completely disappeared. A number of the 
small indifferent cells (y) are scattered throughout the follicle and are 
embedded in a granular debris produced by the breakdown of some of the 
tissue elements. The large ovoid capsular structures still exist but they 
are undergoing degeneration, for the cells composing their walls are now 
further apart as if the structure were breaking up. The morula-like 
structure in the centre is much smaller, is homogeneous in nature and 
the space between it and the outer irregular layer of cells is filled with 
granular debris. The characteristic feature of this phase is the presence 
of large bundles of fully formed spermatozoa. 

Spermatogenesis. It would be unprofitable in the meantime to 
discuss these appearances in the light of already published accounts of 
spermatogenesis in other Cestodes—before doing so a greater number 
of proglottides would have to be examined after fixing and staining 
by a variety of methods. But it is probable that the course of the 
formation of spermatozoa is much as follows:—the undifferentiated 
cells which are arranged round the periphery of the follicles in the 
youngest stages proliferate into the interior and give rise to two 
kinds of cells, the small indifferent cells, (y), and the large nuclei (8). 
The latter divide actively forming the morula-like structures, which 
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then become surrounded by the small indifferent cells so as to appear 
to be enclosed in capsules. The morula-like structures contain one or 
more sustentacular cells at their centres and round these are a 
great number of cells modified so that they come to consist only of the 
chromatic matter of the nucleus. The sperms are developed from these 
small nuclei for we find bundles of them in the later stages of the 
growth of the follicle still adherent to the sustentacular cells. But I 
have not actually seen the growth of the sperms themselves and it is 
possible that there may be other stages. The mature follicles contain 
only the bundles of sperms free or attached to the sustentacular bodies, 
the degenerate capsules and granular debris. The spermatozoa are of 
the usual type, but the heads are extremely small and cannot be resolved 
from the tail portions by a Zeiss apochromatic 1°5 immersion lens: their 
presence can only be deduced by a rather darker staining, and a blunter 
appearance at one end of the filament. 

The vasa efferentia. These vessels are extremely delicate in 
structure, and as they do not appear to contain the sperms for any great 
length of time it is extremely difficult to trace them in the sections. 
They cannot be made out in stained and cleared preparations, but only 
in sections when several of them happen to lie in the same plane. They 
are very accurately figured by Lénnberg (1891). They can easily be 
studied in those parts of the proglottis where the typical parenchyma 
has almost entirely disappeared, and where the only structures present 
between the testes are the granular remains of the parenchyma, 
and the dorso-ventral muscle fibres. Their walls are very thin and 
stain with difficulty; when they are stained well they give the re- 
action of ordinary connective tissue substance. The wall however is 
a homogeneous layer which is continuous with the outer limiting 
membrane of the testicular follicle, and on its external surface are 
numerous nuclei which have prominent nucleoli and coarsely granular 
chromatic substance : it is remarkable that these nuclei cannot be seen 
on the limiting membrane of the testicular follicles, which never- 
theless appear to be developed in the same manner as the walls of the 
vasa efferentia. There are no indications whatever in these structures 
of a wall composed of flattened epithelial cells such as is described by 
Erlanger (1890), while the vessels themselves are so distinct that the 
view of Moniez—that they are only hollowed out cavities in the paren- 
chyma (1881)—seems to me to be highly unlikely. In the young 
proglottis the rudiments of the various organs first appear as cords or 
blocks of cells between which is the ground tissue which afterwards 
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becomes the general parenchyma. This parenchyma secretes a homo- 
geneous membrane round the various organs and ducts; and while the 
greater part of it must be used up, so to speak, in this process, the 
nuclei of some of the parenchymal cells remain and become applied to 
the structureless walls of the ducts and glands, where they probably 
exercise some nutritive function with regard to the latter. 

The vas deferens. Vasa efferentia proceeding from the individual 
testes unite together to form vessels of the second and higher orders 
and these finally join to form a fairly wide duct which is the vas 
deferens. The vas deferens runs backwards from the anterior part of 
the proglottis, pursuing a highly convoluted course and finally opens 
into the genital pit. The structure of the wall is difficult to make out: 
it consists of an internal homogeneous membrane outside which are 
some fibrous elements and muscle tissue. The muscle fibres run for the 
most part longitudinally. There are numerous nuclei on the external 
surface of this wall and some of these evidently are of the same nature 
as those which are present on the walls of the vasa efferentia, but some 
of them may belong to the muscle fibres. 

The vesicula seminalis. As it approaches the cirrus sac the vas 
deferens expands to form an ovoid body which is usually described as 
a vesicula seminalis: evidently it is only a dilatation of the vas 
deferens. The whole of the latter tract acts as a sperm reservoir, being 
usually densely packed with spermatozoa. The wall of the vesicula is 
much more muscular than that of the adjacent vessel, and perhaps 
the structure may function in some way with regard to the emission of 
the semen. From the vesicula a short, greatly narrowed tube pierces 
the wall of the cirrus sac. 

The cirrus. The male duct, after it leaves the vesicula, is known 
as the cirrus, or intromittent organ. This part of the duct lies coiled 
up within the cirrus sac in three or four convolutions. Its wall differs 
in some respects from that of the vas deferens: the muscle fibres are 
more strongly developed and the longitudinal series is more pronounced 
than the transverse one. The cuticula covering the general surface of 
the body becomes reflected at the genital aperture and lines the 
internal surface of the cirrus, being thick near the terminal part, but 
becoming thinner and vacuolised as the cirrus passes into the vesicula 
seminalis. This cuticular lining is continuous with the homogeneous 
“basement membrane” of the vas deferens. 

The cirrus sac. This structure (Text-fig. 9) is ovoid in shape and 
surrounds the cirrus and the terminal part of the vagina. Its wall is 
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composed of dense parenchymatous tissue, and of fibrous and muscular 
elements, and is not definitely circumscribed but fades out into the 
surrounding parenchyma. Most of the muscle fibres take origin in the 
integument round the genital aperture and run longitudinally in 
relation to the long axis of the sac, but some of them do not run 
completely round the latter but pass out into the parenchyma, or are 
even recurved and are again inserted into the integument at a little 
distance away from the genital aperture. There are also transverse 
fibres which run completely round the sac, and these are strongly 
developed. In addition to these two series of fibres there are radial 
ones which originate in the outer wall of the cirrus and are inserted 
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Fig. 9. Diagrammatic horizontal section through a ripe proglottis in the region of the 
cirrus sac, The arrangement of the muscles is schematic. Mag. 100 dia. 


into dense parenchyma in the wall of the sac. Round the base of the 
genital papilla there is a strong development of the integumentary 
muscles so that a sort of sphincter is formed, and in this region the 
parenchyma is very dense. The longitudinal and transverse fibres 
appear to be nucleated but the cell protoplasm of these myoblasts is not 
very evident. 

The genital papilla is a raised part of the integument and subjacent 
tissues surrounding the opening of the genital duct. The latter 
does not open directly on to the summit of this papilla, but into a 
shallow pit. The terminal part of the genita] duct is common to 
both male and female tracts, being formed by the junction of the cirrus 
and the vagina, and it is apparently only this common genital duct that 
can be everted. Evagination of the cirrus is produced by the pressure 








402 Tetrarhynchus erinaceus 


on the duct of the fluid contained in the cirrus sac, so that the floor of 
the genital pit and the terminal part of the cirrus are turned out in 
just the same way as the proboscides are evaginated. Retraction of the 
cirrus is probably brought about by the relaxation of the walls of the 
cirrus sac, and the contraction of the radial muscles which then pull the 
cirrus inwards. I have only seen the cirrus everted on one occasion in 
a living proglottis, when it was situated on the summit of the genital 
papilla, the genital pit being itself then evaginated. It wasabout 1 mm. 
in length, and there were no hooks or armature of any kind, the outer 
surface of the wall being formed of a clear cuticular substance. 

Since it is the common duct formed by the union of the terminal 
parts of the vas deferens and vagina which is evaginated, it does not 
appear to be possible that self-copulation can take place in Tetra- 
rhynchus erinaceus. 

The female organs. The female genital organs in Tetrarhynchus 
erinaceus conform to the usual Cestode type. The vagina passes back 
from the genital aperture and joins the oviduct immediately after the 
latter has issued from the ovary. The vessel so formed receives the 
vitelline duct and the efferent parts of the cells composing the shell 
gland, and then runs forward to form the uterus, It will be seen from 
P]. XXI, fig. 10 and Pl. XXIV, fig. 11 that the greater part of the 
immature proglottis anterior to the genital aperture is taken up by the 
testes, the vas deferens and the vitelline glands; while the corresponding 
region of the mature proglottis is occupied by the pregnant uterus. 
The other organs are therefore restricted to the region behind the 
genital aperture and so great is the crowding here that it is quite 
impossible to make out the relations of the ducts in cleared pre- 
parations; and even in serial sections the junction of the various ducts 
is contained within comparatively few sections so that the reconstruction 
is a matter of some difficulty. I have simplified the actual conditions 
in figs. 10 and 11 by making the ducts a little larger than they 
ought to be and smoothing out the coils to some extent, otherwise the 
relations would be exceedingly difficult to represent in a diagram. In 
Pl. XXII, fig. 12, however, the various organs are drawn to scale. 

The ovary. This structure (Pl. XXII, fig. 12; and Pls. XXI and 
XXIV, figs. 10 and 11) is bi-lobed consisting of right and left halves 
joined by a median bridge. It is secondarily lobulated and rather diffuse 
in structure, extending to some extent between the vitelline glands and 
other organs. The lobules are invested by a very delicate membrane 
apparently devoid of nuclei. The structure of the ovary is rather loose 
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at the periphery, but much more compact in the region of the median 
bridge. 

The ova (Pl. XXII, fig. 14) are polyhedral in shape towards the 
periphery of the ovary, but are quite spherical in the median parts. 
Their average diameter is about 0°01 mm. There is no distinct cell 
membrane. The nucleus has a very distinct membrane; the linin sub- 
stance stains very faintly; and the chromatin is present as a synapse which 
exhibits a radiating arrangement of the threads. The nucleolus is very 
prominent and sometimes contains a round faintly staining body, some- 
times one or two strongly refringent granules. In the cell substance, at 
the opposite pole of the egg to that towards which the nucleolus is situated, 
there is a “ Nebenkern” in the form of a small round lightly staining 
body just outside the nuclear membrane. I have seen no signs of dividing 
cells in the ovary; probably this division occurs at a very early stage. 

The oviduct. This takes origin at the posterior side of the 
median bridge, and here is situated the peculiar structure called the 
“Schluckapparat ” by Pintner (1889), and the “Sphincter ovaricus” by 
Monticelli. It is a modification of the membranous wall of the ovary, 
which here becomes greatly thickened, and encloses a lumen which is 
about twice the diameter of a single ovum. Outside this there are 
a number of fibres arranged to form a thick ring, and running for the 
most part circularly, though some of them are also radial and run out 
into the surrounding tissues. These fibres have been described as 
muscular, though I suspect, from their reaction towards methyl-blue- 
eosin, that they are rather of the nature of elastic tissue. The whole 
structure only occupies some half dozen thin sections and then the 
diameter of the oviduct contracts till it is too narrow to admit of the 
passage of a single ovum. The “Schluckapparat” is described as able 
to execute rhythmic movements, expanding to allow an ovum to pass 
out from the ovary, and then contracting so as to force it into the 
oviduct. I suspect, however, that it is only an elastic sphincter, and 
that the expulsion of the eggs from the ovary may be brought about by 
the contraction of the muscles of the proglottis. 

The oviduct enlarges considerably in calibre beyond the “Schluck- 
apparat.” Its wall here consists of an inner single layer of rounded 
cells rather flattened against each other in the manner of a true 
epithelium ; of a basement membrane ; and of an outer rather irregular 
layer of cells with very indistinct cell bodies. Further away from the 
ovary this outer layer of cells breaks down still more so that we have 
rather isolated nuclei embedded in a cell debris. The inner layer of cells 
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also becomes very irregular and finally disappears so that the wall of the 
oviduct comes to consist only of the intermediate basement membrane. 
One is forced to regard this as the definitive wall of the duct, and the 
outer and inner layers of cells or nuclei as the formative organs of this 
structureless membrane. The canalis seminalis from the receptaculum 
seminis opens into the proximal part of the oviduct while it is still run- 
ning posteriorly, and immediately afterwards the vitelline duct also so 
debouches. The oviduct now turns forwards, receiving as it does so the 
efferent stalks of the cells composing the shell gland. 

The shell gland. (Pl. XX, fig. 10; Pl. XXIII, fig. 25.) This consists 
of a great number of flask-shaped cells arranged round the bend of the 
oviduct in the form of a hemispherical shell, the concavity of the 
shell being directed anteriorly. The cells radiate inwards towards 
the oviduct and join the latter near the place where the canalis 
seminalis and vitelline ducts open. Each cell, which is about 0°03 mm. 
in greatest length, is a unicellular gland, and contains a large nucleus 
in which there is a nucleolus with refringent granules. The distal part 
of the cell, which is bulb-shaped and contains the nucleus, stains light 
red with methyl-blue-eosin, but the proximal part is stalk-shaped and 
stains deep blue. The stalk runs towards the oviduct and then frays 
out into a number of delicate filaments which penetrate between the 
layer of cells, or nuclei, forming the outer portion of the wall of the 
former. At this part of the oviduct the basement membrane disappears 
and the filaments can be traced between the cells forming the internal 
layer, and can sometimes be seen even in the lumen of the duct. But 
it is probably the secretion of the cells which one sees here, for both the 
lumen of the duct and the interstices of its wall may exhibit the blue 
staining reaction characteristic of the secreting part of the shell gland 
cells. 

The uterine canal. (Pls. XXI and XXIV.) We can recognise three 
regions in the female genital tract: (1) from the ovary to the junction 
of the canalis seminalis; (2) from the latter point to the opening of the 
vitelline duct ; and (3) the remainder of the canal. Two views may be 
held with regard to the nature of the whole canal: (1) that it is the 
continuation of the vagina, and that both oviduct and vitelline duct 
open into it; (2) that it is everywhere morphologically a true oviduct 
which receives the canalis seminalis and vitelline ducts. However this 
may be it is evident that the canal beyond the place of entrance of the 
other ducts is different from the more proximal tract in that it contains 
eggs which are fertilised and yolked, and it has therefore been called by 
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Leuckart the “ Befruchtungscanal.” In Tetrarhynchus and some other 
Cestodes this canal opens into a wide sac—the uterus—but in such 
more primitive forms as Bothriocephalus the uterus begins immediately 
behind the shell gland, and there is no distinction between uterine canal 
and the uterus proper. Probably we may regard the differentiation 
into a narrow uterine canal and a relatively capacious uterine sac as 
dependent on the shape, size, and number of the proglottides. In such 
forms as Bothriocephalus there are a great number of segments and 
these are relatively small; whereas in the Tetrarhynchids the number of 
proglottides is small but the individual segments are, relatively to the 
strobila, much larger than in a Bothriocephalus, and are elongated in the 
longitudinal direction; while the ovary and other organs are concen- 
trated in the posterior part of the segment. The whole female tract is 
probably morphologically one, but the uterine part becomes greatly 
expanded in the anterior part of the proglottis as the testes degenerate ; 
while the posterior tracts must remain narrow because of the crowding 
of the other organs. It is purely for convenience that we speak of the 
posterior convoluted section of the female tract as the uterine canal, and 
the anterior section as the uterus. 

The uterine tract, then, may be said to begin immediately after the 
opening of the vitelline duct. Its wall here has a very similar structure 
to that of the proximal part of the oviduct; that is it has a basement 
membrane with irregular layers of nuclei on inner and outer surfaces. 
Distal to the entrance of the vitelline duct the wall changes in character 
and consists solely of the structureless basement membrane, with some 
superadded fibrous tissue, and with adhering nuclei. The uterine canal is 
thrown into numerous convolutions which occupy the middle parts of 
the proglottis. Its most proximal part contains ova practically identical 
with those present in the ovary, aud immediately beyond the opening 
of the vitelline duct these are mixed with yolk cells and these two 
kinds of cells lie together. Soon, however, the yolk cells break down, 
and the ova become yolked and acquire outer membranes. 

The uterus. (Pls. XXI and XXIV, figs. 10 and 11.) The shape and 
dimensions of this structure are diagnostic of the stage of maturity of 
the proglottis ; and it is represented in Pls. XXI and XXIV, figs. 10 and 
11 in the immature and mature conditions. In the very youngest 
segments in which it can be recognised it is present as a simple cord of 
cells, which later on acquires a lumen; and still later it becomes a 
thick-walled tube (‘Text-fig. 8). So long as the testes are developing, or 
contain many spermatozoa, they occupy the greater part of the proglottis 
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anterior to the genital aperture, and the uterus is then a straight tube 
of relatively narrow diameter, occupying the axial region of the segment. 
Presumably the testes are then in the actively functional stage, and 
copulation between the segment containing them in this phase and 
other segments may take place. But it seems to be quite probable 
that simple emission of the semen into the surrounding sea water may 
occur, and that the spermatozoa may be taken intu the vagina from 
outside the segment. Self-fertilisation (but not self-copulation) may 
indeed occur but the mass of sperms contained in the testes in a ripe 
proglottis in the male phase is so great that it does not seem possible 
that all can be contained in the vagina. Some loss is therefore 
probable and it is likely that this occurs as the eggs ripen and are 
accumulated in the uterus. 

In a younger stage than that represented in Fig. 8 the uterus is 
still smaller relatively to the other organs. It is roughly egg-shaped 
in transverse section, and has a restricted lumen and very thick walls 
(Pl. XXII, fig. 16). The basis of the latter is a structureless membrane of 
the usual type, inside which is a single layer of cells, and outside about 
four to six layers of cells. The basement membrane bears externally (in 
transverse section) a number of little projections which appear to be 
the cross sections of longitudinal fibres—these disappear in later stages. 
The internal nuclei are embedded in a matrix which appears to consist 
of broken down cell-bodies—certainly no cell outlines are recognisable 
and the surface facing the lumen is a broken and irregular one. The 
external cells are, on the contrary, very distinct: they are pear-shaped 
and the stalks run towards the basement membrane, though they cannot 
be traced into the latter. The nuclei are large and distinct and have 
prominent nucleoli. The whole wall has a kind of glandular appearance 
rather like that of the shell gland, but this appearance is illusory since 
the staining reactions of these cells are not, at any period, those of 
actively secreting structures. There can be little doubt that they are 
the formative blastema of the uterus itself, and that they become 
transformed into its structureless wall as the organ increases in size by 
the reception of the fertilised eggs. 

The vagina. (Pls. XXI and XXIV.) This is a fairly wide and thin 
walled tube running back from the genital aperture. The latter it will 
be remembered is a wide, shallow pit situated on the postero-lateral 
margin of the proglottis. From the floor of this pit a canal takes 
origin—the common genital canal—and this soon branches, one branch 
becoming that part of the vas deferens which is situated within the 
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cirrus sac, while the other branch penetrates the sac and passes 
backwards as the vagina. When the cirrus is evaginated it appears 
to proceed from the summit of the papilla—the genital pit being then 
turned inside out—and both vas deferens and vagina then open into 
everted cirrus. The wall of the vagina is thickest nearest to the 
genital opening and consists of a structureless membrane bearing nuclei 
on its outer surface with some muscle fibres running mostly in a 
longitudinal direction, though some are also transverse and oblique. 
The vagina runs back nearly in the middle line of the proglottis towards 
the space between the anterior lobes of the ovary—but it is not nearly 
so much convoluted as the uterine canal. Near the ovary and 
approximately in the mid line of the segment it enlarges considerably 
to form the receptaculum seminis. In the immature proglottis this 
dilated part of the vagina may be empty, but in segments approaching 
sexual maturity (in the female organs) all the canal, and particularly 
the dilated receptaculum, contain spermatozoa received from the same 
proglottis by self-fertilisation, or from another by copulation. The wall 
of the receptaculum is much thinner than that of the rest of the 
vaginal tract, being, of course, only a dilated part of the latter. 

Near the median part of the ovary, and beyond the receptaculum, the 
vagina decreases considerably in diameter and its wall becomes much 
thicker. There is now a thick basement membrane with close, but 
rather irregular layers of nuclei on the inner and outer surfaces. The 
duct passes either over or under the median ovarian bridge and just 
posterior to the latter its calibre diminishes very suddenly and from its 
extreme posterior boundary a small tube takes origin. This is the canalis 
seminalis, It has a thick wall consisting of very dense fibres running 
circularly or obliquely. It runs very nearly at right angles to the 
former direction of the vagina and joins the oviduct very close to the 
junction of the latter with the vitelline duct. It is so difficult to be 
sure that it always enters the oviduct between the ovary and the 
junction of the vitelline duct that I am constrained to conclude that 
there may be some variation in the precise order in which these three 
ducts become connected with each other. 

The vitellaria. These glands are represented in the diagram, Text- 
fig. 8, where they are shown in transverse section ; and in Pls. XXI and 
XXIV, figs. 10-11, where they are represented only at the margins of 
the proglottis. They form a layer which is roughly concentric to the 
integument; and which is interrupted only at the region immediately 
round the genital papilla and lies between the layer of subcuticular 
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cells and the testicular follicles. In the youngest proglottides the 
vitellaria are diffuse—thus they are represented in Pl. XXIII, fig. 21, as 
groups of cells lying quite loosely in the parenchyma just internal to the 
subcuticular cells. In later stages, however, they become compact and in 
Pl. XXII, fig. 12, which represents a part of a section of a mature segment, 
they are seen to be composed of distinct follicles. The vitelline glands 
originate in the very young segments as cords of cells, which later on 
acquire a very thin limiting membrane from the secretion of the adjacent 
parenchyma ; and then become arranged to form short tubular follicles 
connected by duct-like structures. The terminal follicles are arranged 
radially so that they run out from the axis of the proglottis in all 
directions towards the periphery. The conducting portions of the 
follicles run towards the axis of the segment and join together to 
form longitudinal collecting ducts. But there is never any absolute 
distinction between the secreting and conducting parts of the gland 
except that the latter are generally a little less in diameter than 
the follicular parts. All parts are, however, filled with the yolk 
cells. 

Pl. XXII, figs. 12 and 17, represent small parts of the vitelline gland 
under a higher magnification and it will be seen that the cells contained 
in the follicles in the earliest stages are surprisingly like the cells in the 
ovary, so much so that it is sometimes difficult to distinguish between 
the two kinds, especially as the limiting membranes of the two organs 
are so tenuous that it is occasionally difficult to trace them. Fig. 17 
represents one of the vitelline follicles cut in longitudinal section. 
There is an outer limiting membrane and inside this there are usually 
two kinds of cells. One kind are small and resemble the ovarian cells 
except that the chromatic synapse is not so prominent. The other 
kind includes cells which are much larger, and are polyhedral in shape 
because of their mutual pressure against each other. They have large 
nuclei, faintly staining nucleoli, and the cell substance is almost entirely 
composed of coarse brightly staining granules—obviously yolk substance. 
In a section of one of these follicles there are usually about ten to twenty 
of these cells in a field. The small cells are similar to those in the 
peripheral parts of the very young proglottis: they are obviously still 
almost entirely undifferentiated. 

Posterior to the ovary the collecting ducts of the vitelline glands 
run transversely to the long axis of the proglottis and then join to- 
gether near the middle of the segment. These ducts are greatly enlarged 
and may be spoken of as a yolk reservoir. From this enlarged part a 
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much narrower duct runs towards the uterine canal and opens into the 
latter just as it turns round to run forward. 

The muscles of the proglottis. In addition to the muscles of the 
integument already described there are two series of longitudinal 
muscles and one series of dorso-ventral muscle fibres present in the 
segment. The longitudinal fibres are continuous with those which 
have already been described as originating in the proboscis bulbs. The 
latter fibres begin as four bundles which soon become gathered up so 
as to form two flattened sheets respectively dorsal and ventral in position 
and running roughly parallel to the dorsal and ventral surfaces of the 
proglottis. At first these sheets are almost continuous but they soon 
begin to be split up into distinct bundles. As the vitellaria and testes 
develop the bundles become relegated to their definitive positions and 
run longitudinally between the vitelline glands and testes—or even 
among the follicles of the former organs. Each bundle consists of 
comparatively few fibres and these are always dorsal or ventral to the 
testes and never run among the follicles of this organ. The lateral 
margins of the proglottis are marked by the presence of the main canals 
of the excretory organs, and just dorsal and ventral to each lateral pair 
of these canals there is a bundle of longitudinal muscle fibres which is 
larger than the others. 

In the anterior parts of the strobila, where the segmentation is still 
incomplete, the longitudinal muscles run without interruption from the 
one proglottis to the next, but when the genital organs begin to 
be marked out this continuity of the longitudinal muscles ceases, 
Between every two adjacent segments there is a very narrow connecting 
region which seems to be composed of a tissue resembling dense paren- 
chyma similar to that which is found in the integument just beneath 
the basement membrane—it is indeed continuous with this part of the 
integument. The ends of the longitudinal fibres are inserted into this 
hardened parenchyma, and the terminal parts of the fibres themselves 
become tendinous in nature. The longitudinal fibres forming the 
integumentary muscle system are also inserted into this connecting 
tissue and are not continuous from segment to segment. 

The dorso-ventral muscle fibres are present in the young and mature 
proglottides but they appear to attain their fullest development in the 
latter: probably they become differentiated to the greatest extent as 
the proglottis becomes sexually ripe and acquires independent powers 
of locomotion. These fibres have been beautifully figured by Pintner 
(1880). They are smooth and band-shaped and the fibrous part runs 
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apparently from the dorsal to the ventral surfaces of the proglottis. 
About midway on the course of each is the muscle cell, which has the 
form of a plate along one side of which the fibre is embedded. The cell 
has no membrane and is reticular in structure. The nucleus is large; 
has a prominent nucleolus; and a chromatic network restricted to the 
peripheral parts. 

The excretory organs. I describe here the main canals only and not 
the finer terminations, nor the terminal flame cells. There are four 
main canals in each proglottis, two of which run longitudinally along 
each lateral margin. In transverse section one of these canals is always 
larger than the other, this one is the more ventral of the two. The 
canals are situated between the testicular follicles and the vitelline 
glands, but usually the presence of the canal, with the large bundles of 
longitudinal muscle fibres which are situated adjacent to them, causes 
the vitelline glands to be less abundant at the lateral margins of the 
segment. The canals are not straight but are usually loosely coiled—an 
appearance however which may be due to a longitudinal shortening of 
the proglottis after fixation, for when the Cestode is killed in fresh 
water and fixed in weak formalin the canals may be quite straight. 
This condition may however be produced by the absorption of water by the 
tissues of the worm, and perhaps the accumulation of this in the excretory 
system. Asa rule the canals are compressed in transverse section and 
have walls which are rather thick, and of no recognisable structure; but 
sometimes the outline of the canal in transverse section may be perfectly 
circular and the wall itself may be exceedingly thin. These lateral 
canals, certainly the larger one of each side, run without interruption 
from one segment to the next, and at the junction of two adjacent 
proglottides there is an anastomosing transverse branch which connects 
the canals of the two sides. When the segments separate from each 
other the cleavage takes place along the middle of this transverse 
anastomosis, so that the canals then open to the exterior at each side of 
the segment. There are no terminal vesicles, nor valves at the origin 
of the transverse anastomoses, 


VII. The mature proglottis. 


It is quite unnecessary to describe in detail the anatomy of the ripe 
proglottis since the relations of the various organs are very much 
the same as in the immature segment. The differences consist of the 
progressive development of the uterine sac as the segment enlarges; and 
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of the degeneration of the testes, the vasa efferentia, vas deferens, and 
vitellaria. Pl. XXIV is based on a reconstruction of a mature segment 
from serial sections: the segment was one which was still a part of the 
strobila. The proglottis still continues to increase in size after de- 
hiscence from the strobila, and I have no doubt, though I have not made 
sections from such a free proglottis, that the progressive degeneration 
of all the organs other than the uterus still proceeds while the segment 
is free within the alimentary canal of the host, or even lying freely on 
the sea bottom. 

The uterus is the seat of the principal changes accompanying 
maturation. Originally a cylindrical straight tube of no great diameter 
it continues to increase in diameter as it becomes filled with fertilised 
eggs, until it occupies by far the greater part of the volume of the 
proglottis in front of the genital papilla. Originally its walls consisted 
of acuticular membrane lined internally with a single layer of nuclei, and 
externally with several layers of cells, but in the mature phase it becomes 
a very thin membrane which bears internally and externally widely 
separated nuclei. The expansion of the uterus is brought about by the 
formation of the lateral evaginations of its wall and then these flatten out, 
or fuse together. The contained embryos are about 0°04 mm. in diameter 
and each has a very distinct cell membrane and contains a small number 
of cells embedded in a granular matrix. The embryonic hooks are not 
present—that is the oncosphere stage is not attained while the embryos 
are still within the proglottis, at least not in the stage while the 
developing segment still forms part of the parent strobila. 

A “birth-pore” is probably not formed in the proglottis of Tetra- 
rhynchus erinaceus and the embryos are only liberated from the proglottis 
when the latter undergoes dissolution. Nevertheless a birth-pore may 
possibly be formed at a later stage than I have been able to study, for 
such an opening is certainly present in the proglottides of the allied 
species Tetrarhynchus tetrabothrius. When a ripe segment of the latter 
worm is observed closely—the strobila lying in fresh water—the 
extrusion of the eggs may be seen, especially if after immersion in fresh 
water the worm is put into weak formalin. The eggs appear to issue 
from the dorsal or ventral surface of the proglottis and sometimes it 
appears as if they came from the genital opening ; but I suspect that in 
the latter case the opening breaks through near to the genital papilla. 
The birth-pore does not appear to be constant in position, and it is 
probably formed where the wall of the proglottis is thinnest: it is a 
purely secondary structure and not a true uterine pore. I would refer 
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here to Braun (1894-1900, pp. 1438-1451) for a discussion of the 
morphological significance of this opening in Cestodes generally. 

I describe very briefly the principal changes which take place as 
the proglottis passes from the immature to the sexually mature 
condition. 

Testes and ducts. The testicular follicles degenerate completely in 
the ripe proglottis. In stages a little younger than that represented in 
P|. XXIV the testes are restricted to a very narrow zone between the 
layer of vitellaria and the wall of the uterus, and even here they may 
be present as a layer of only one or two follicles in depth. Some are 
also present at the extremities of the segment. In older segments such 
as that represented in Pl. XXIV the marginal testes degenerate com- 
pletely and there are only a few left at the ends of the proglottis. The 
few that remain at the anterior end of the segment degenerate later on, 
and in the oldest proglottides that I have sectioned there are only 
a few testes in the part of the segment behind the ovary. In these 
later stages, the testicular follicle becomes much smaller than in the 
early phases, and also becomes spherical in shape. The distal end of 
the vas deferens persists in the oldest segments that I have seen, but it 
becomes relatively short, the convolutions of the tube become smoothed 
out, and its calibre diminishes. Till the end, however, it still contains 
ripe spermatozoa. 

The vagina. This canal is more voluminous and more richly 
convoluted in the ripe than in the unripe proglottides; and the 
proximal part described as the receptaculum seminis is greatly enlarged. 
Throughout its entire length the vagina is filled with spermatozoa in 
the later stages of the segment. Its relations to the ovary and oviduct 
are the same as in the earlier stages. 

The vitelluria. These glands undergo great reduction as the 
segment enlarges. All those which were present in the peripheral 
regions of the proglottis external to the uterus practically disappear and 
only a few persist at the posterior end of the segment, lateral and 
posterior to the ovary, and the terminal parts of the ducts also persist 
here as the yolk reservoir. In front of the genital papilla the body wall 
becomes very thin and consists only of the integumentary tissues and some 
remains of the vitellaria. Dorsally and ventrally the wall is thinnest and 
it is here that a birth-pore would most easily be formed. 

Further investigation is, of course, necessary in order that the 
complete life history of our Cestode may be elucidated. It is first of 
all essential that the true larval host should be found: this, as I have 
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suggested above, is probably an invertebrate which is eaten both by the 
collateral hosts (Trigla, Gadus etc.) and by the final, or adult hosts 
(Skates and Rays). But the distribution of the Plerocercoid larvae in 
the collateral hosts is so much commoner than the distribution of the 
adult worm in the final hosts, that it seems very probable that the true 
larval host is an invertebrate, regularly eaten by Teleosts belonging to 
the genera mentioned, but only exceptionally eaten by Skates and Rays. 
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EXPLANATION OF PLATES XIX—XXIV. 


PLATE XIX. The strobila and scolex. 


Fig. 1. The strobila: mag. 5 dia. 

Fig. 2. The scolex seen from the side: mag. 30 dia. 

Fig. 3. The scolex: nearly dorsal view: mag. 30 dia. 

Fig. 4. Transverse section of the scolex passing through the posterior region of the 
bothridia. The proboscides are extruded: mag. 75 dia. 

Fig. 5. Transverse section of the scolex passing through the neck at the region of the 
proboscis bulbs. Mag. 94 dia. 


PLATE XX. The proboscis. 

Fig. 6. The proboscis showing one row of hooks. Mag. 580 dia. 

Fig. 7. The proboscis from the opposite side. Mag. 580 dia. 

Fig. 8. One view of a proboscis taken from a plerocercoid worm encysted in the muscles 
of the halibut. Mag. 280 dia. 

Fig. 9. A,B,C, D. The different hooks and spines on the proboscis of the adult worm. 
The numbers beneath the various figures are the actual sizes in millimetres of the 
hooks measured along the diameters represented by the lines and arrows. 
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PLATE XXI. The immature proglottis. 


A semi-diagrammatic representation of the organs in the immature proglottis. The 
relative sizes of the various organs are as nearly as possible accurately represented, 
but the vasa deferentia and uterine canal are drawn with fewer convolutions than 
are actually present. The testicular follicles are represented as less in number than 
those actually present, and for simplicity’s sake those overlying the uterus have 
been omitted. The vitellaria are represented as two marginal bands (but see Text-fig. 8). 
Neither the vasa efferentia nor the excretory canals are represented. The view may 
be either dorsal or ventral since the genital pit may be situated on either side of 
the proglottis. Mag. 65 dia. 
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PLATE XXIil. The genital organs. 


12. Horizontal section of the part of the proglottis lying behind the genital papilla. 
The proglottis is nearly mature. Mag. 100 dia. 

13. A testicular follicle. The section passes nearly in the horizontal plane of the 
organ. The explanation of the Greek letters is given in the text at pp. 397, 398. 

14. Ovarian eggs. Mag. 1500 dia. 

15. A testicular follicle cut in the same plane as that represented in Fig. 13. The 
latter figure represents the more mature phase. Mag. 900 dia. 

16... Part of a transverse section of the wall of the uterus. The lower side of the 
figure represents the surface which faces the lumen. Mag. 500 dia. 

17. Longitudinal section of a follicle of the vitelline gland. Mag. 500 dia. 

18. Transverse section of an immature testicular follicle. Mag. 900 dia. 


PLATE XXIill. integument, musculature, etc. 


19. Part of a transverse section of the integument and underlying tissues in the 
region of the least mature segments. 

20. Part of a tangential section through the integument. The section is thick 
enough to contain both the transverse and longitudinal integumentary muscle fibres. 
The thin horizontal lines represent the former, and the thick wavy lines the latter. 
Oil-immersion lens. 

21. Part of a transverse section through the integument and underlying tissues of a 
nearly mature segment. 

22. A small part of a transverse section through the musculature of a proboscis 
bulb. The latter is greatly contracted. The diameter of the lighter shaded “ fibres” 
is about 2 u. 

23. A similar section from a proboscis bulb. The diameter of the ‘‘ fibres” is 
about 3 u. 

24. Transverse section of the retractor muscle of the proboscis. 

25. Part of a transverse section through a mature proglottis showing the shell gland 
opening into the oviduct. 


PLATE XXIV. The mature proglottis. 


A semi-diagrammatic representation of the organs of a ripe proglottis. The relative 


positions and proportions of the various organs are as accurately preserved as 
possible; but, as in Pl. XXI the coils of the uterine canal and vas deferens are 
drawn more simply than is actually the case. 











416 


A REVIEW OF THE BRITISH MARINE 
CERCARIAE. 


By MARIE V. LEBOUR, M.Sc. 


Assistant Lecturer and Demonstrator in Zoology, Leeds University. 
(With Plates XX V—XXIX.) 


General Life-History. 


THE study of the life-histories of digenetic Trematodes is as yet in 
its infancy. Many new adult forms are described every year, but very 
little is known of the life-history of any of these. It is even impossible 
in the majority of cases to say what sort of larval form is characteristic 
of any group. Having worked for some years at the study of Trematode 
larvae I thought it would be of some use to bring together all the work 
so far done on British marine cercariae in order to form a nucleus round 
which future work may be centred. 

As is to be expected more is known of the larval stages of bird 
Trematodes than of those inhabiting fish, as a great many sea birds are 
shore feeders and it is much easier to find cercariae in the shore animals 
than in those from the sea where the fish feed. It is only with fish and 
bird Trematodes that we deal in the present memoir. 

From the fertilised digenetic Trematode egg issues a ciliated larva, 
the miracidium, possessing certain larval organs, which is free-swimming 
and after emerging from the egg in the water makes its way into some 
invertebrate host, the first host. This is in almost every case known a 
Mollusk, either Gastropod or Pelecypod. (The only exception known 
to me is that suggested by Pratt (1898, p. 351) who thinks it probable 
that a Hemiurid larva develops from a miracidium in a Crustacean 
host, namely a Copepod'.) Having bored its way into this host the 
larva settles down in some organ, usually the digestive gland or gonad, 


1 The larva of the human Trematode Bilharzia is apparently capable of direct 
infection. 
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loses its larval organs and degenerates into a sac, the sporocyst. From 
the cells of the walls of the sporocyst are budded off germ balls which 
usually grow into a different kind of larva, the redia, which bursts from 
the sporocyst and leads a free existence in the host. The sporocyst 
may however by budding proliferate without forming rediae and may 
form sporocysts within it instead of rediae. The sporocyst is merely a 
sac and has no alimentary canal, imbibing its food through the body 
wall; the redia on the contrary has a well-developed sac-like intestine 
and a mouth at the anterior end with a strongly muscular pharynx. It 
may also have a thickening round the anterior end of the body, the 
“collar,” a birth-pore usually near the pharynx as exit for the cercariae, 
and at the posterior end two ambulatory projections which help it in 
progression. These latter organs may be entirely absent and frequently 
the ambulatory processes are only present in the young forms, probably 
because the redia migrates in its young state to some other organ of its 
host. Both sporocyst and redia may be coloured yellowish or a brilliant 
orange ; the intestine of the redia is often brown. 

The redia, or, in those cases where the redia stage is omitted, the 
sporocyst now forms within it another kind of larva, the cercaria, which 
has the real Trematode form and gradually grows within its “nurse” 
from a shapeless mass of cells to a worm which shows more or less of 
the adult characteristics. Typically the cercaria has a tail and when it 
is full-grown it emerges from the redia or sporocyst. If the birth-pore 
is present in the redia the cercaria comes out in this way without 
rupturing the redia body wall, in the other case it bursts through the 
wall which closes up after it. All stages may be in the redia or 
sporocyst at the same time, from shapeless germ balls to the full-grown 
cercaria. The tailed cercaria now leaves its host altogether and swims 
about in the water for a little while. It then either comes to rest on 
some inanimate object (e.g. a blade of grass as in the Liver Fluke) and 
losing its tail forms round itself a cyst and rests, or it makes its way 
into another host, the second or intermediate host, and here it rests, 
usually forming round itself a cyst (in exceptional cases such as the 
“Pearl Trematode” a cyst is formed round the cercaria not by the worm 
itself but by the epithelium of its molluscan host). Up to a certain 
point the cercaria may feed and grow in its second host but afterwards 
it always has a real resting stage which is comparable to the pupal 
stage of a butterfly. The suckers, alimentary canal and excretory 
system are usually formed in the cercaria before it leaves its first ‘host 
and parts of the reproductive system are sometimes developed. The 
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alimentary canal however is not always formed so soon, especially in 
those forms in which extremely large unicellular glands occupy the 
greater part of the body. There are two kinds of glands which are 
sometimes very conspicuous in the cercaria, the cystogenous glands 
which secrete the material for the cyst and those glands which always 
are present if a boring spine or stylet occurs in the oral sucker. These 
latter glands are the “Stacheldriisen” or stylet-glands which help the 
worm to bore into its host, the stylet piercing and the glands pouring 
out their fluid at the same time. Both cystogenous and stylet glands 
may be present or only one kind. The cystogenous glands sometimes 
occupy almost the whole of the body as in some of the Echinostomes, 
others occur in small masses; all open by ducts near the oral sucker. 
The stylet glands disappear after the cercaria has successfully entered 
its second host. The cystogenous glands disappear after the cyst is 
formed, as does also the tail. The intermediate host may be a Vertebrate 
or an Invertebrate. In marine Trematodes fish serve as Vertebrate 
intermediate hosts, the cercariae often encysting under the skin, in the 
muscles, nerves and various organs. Crustacea and Mollusca are the 
usual Invertebrate hosts; crabs and Amphipods are very commonly 
infected, the cercariae occurring in the liver, gonads or muscles. In 
Mollusca the foot, mantle, digestive gland or gonad serve the purpose. 
Nearly always the intermediate host, if a Mollusk, is a Pelecypod. In 
some cases the encysted stage takes place within the sporocyst. Here 
the life-history is much abbreviated and often the cercaria is tailed but 
loses its tail before it encysts. In other cases the resting stage is 
omitted because the final host swallows the redia with cercariae; here 
again we find the cercaria loses its tail before it is full grown. 

In one group, the Gymnophallus group, the cercaria is always 
without a tail, and apparently has to reach its host by creeping 
movements or depend upon currents to sweep it along. This was 
noticed by Jameson (1902, p. 160), who found that because of the 
cercariae of the “ Pearl Trematode ” not having tails only those mussels 
fixed on the ground were much infected with pearls; those clinging to 
wood above were almost free from them. 


Classification of Cercariae. 


Liihe (1909, p. 173) has classified the various cercariae according to 
their tails but there appears to me to be something to be said against 
this method, excellent though it be in many ways. The chief objection 
seems to be that certain forms, which by their organisation are clearly 
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very nearly related, are absolutely separated in this way, because in some 
of them owing to an abbreviation of the life-history the cercaria has lost 
its tail. In the Spelotrema group as described below we have a free- 
swimming tailed cercaria in Spelotrema excellens, cercariae such as 
Cercaria oocysta in which the young forms possess tails but do not use 
them (as encystment takes place in the sporocyst, where they are cast 
off), and finally in Cercaria littorinae-rudis we have most certainly 
one of the Spelotrema group which appears to lack a tail altogether. 
We are not justified in such a case, I think, in placing these cercariae 
in different divisions because of the presence or absence of a tail. 
Again Acanthopsolus lageniformis loses its tail before emerging from 
the redia. As a full-grown cercaria it is tail-less, but it is much 
more closely related to the Hchinostomum group than to the tail- 
less cercaria group. So far as we know at present the Gymnophallus 
group is the only one in which the cercaria throughout has no tail, 
and this is a very well-marked group; the fork-tailed cercariae (e.g. 
C. dichotoma) however seem to be closely related. It seems to me 
therefore that the tail is not of so great importance primarily in 
classifying cercariae as is the question whether it develops in sporo- 
cysts or rediae and I have therefore made two primary groups: 

I. Developing in sporocysts. Gasterostomum group. Gymnophallus 
group. Cercaria dichotoma. Spelotrema group. Group of stumpy-tailed 
cercariae. Lepodora. 

Il. Developing in rediae. Cercaria neptuneae. Acanthopsolus. 
Echinostomum group. Monostomum group. 

From this classification I have omitted all fresh water forms that 
are not also marine and have restricted myself to those already known 
in Britain. 

We divide the digenetic Trematodes into Gasterostomata and 
Prostomata according to whether the oral sucker is median or, as is 
usually the case, at the anterior end. This division is as clearly marked 
in the larval forms as in the adults. As well as having the sac-like 
intestine opening in the centre of the body the Gasterostomatous 
cercaria, which is known as Bucephalus, is provided with a peculiar and 
very characteristic tail having two long lateral filaments by aid of which 
it swims. 

The Prostomata may then be sub-divided into groups some of which 
stand out much more conspicuously than others, but this is probably 
because they are more completely known; such groups are the 
Spelotrema group and the Echinostomum group, both of which are 
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parasitic in birds. Others are difficult to place such as Lepodora and 
Cercaria neptuneae, but very little is known of these and further 
investigation will no doubt elucidate matters. When several species 
are known which undoubtedly belong to the same group we find them 
extraordinarily constant as to the kind of hosts they inhabit, thus all 
the members of the Echinostomum group so far as is at present known 
develop in rediae in the digestive glands of Gastropods, have a free- 
swimming stage and encyst in another molluscan host, in two cases 
known in the foot. Members of the Spelotrema group develop in 
sporocysts in Mollusca (Gastropods or Pelecypods) and encyst in 
Crustacea, except where the life-history is abbreviated and encystment 
takes place within the sporocyst in the first host. The members of the 
Gymnophallus group all seem to live for a time free between the mantle 
and shell of a Mollusk, usually a Pelecypod. 

It seems to me that we know too little of these cercariae to attempt 
at present to classify them further in relation to their adult forms. I 
therefore have divided up the Prostomata into certain groups each of 
which is characterised in some definite way, but it is not intended to 
show any relationships between these groups other than the general 
resemblance of their larval stages. 


I, GASTEROSTOMATA. 
Cercaria developed in sporocysts. 


Sporocysts occur in Pelecypoda, long and winding, branched or 
unbranched. 

Cercaria known as Bucephalus. 

Cystogenous organ anterior, ventral sucker opening into sac-like 
intestine. Tail a broad case with two lateral, very contractile and long 
filaments for swimming. 

Intermediate host—a fish. 

Final host—a fish. 


II. PRosToMATa. 
A. (Two suckers.) 
1. Developed in sporocysts. 


(a) Gymnophallus group. Cercaria tail-less, developed (in the 
only species in which the sporocysts are known) in more or less © 
spherical sporocysts in Pelecypoda. Oval body covered with spines. 
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No prepharynx, conspicuous pharynx : short and broad intestinal caeca 
seldom reaching beyond ventral sucker. Ventral sucker always behind 
centre of body. Excretory vesicle large, forked, reaching far forward 
anteriorly. 

Intermediate host usually a Pelecypod. Cercaria lives between 
mantle and shell, finally settling down in the tissues of its host, which 
forms a cyst round it of epithelial cells, the cercaria itself not forming 
a cyst. 

Final host a bird, usually of the Duck tribe. 

(b) Group of fork-tailed Cercariae. These seem closely allied to 
Gymnophallus but further life-history not known. Cercaria very like 
Gymnophallus but with excretory vesicle continuing down tail and 
opening at end of each fork. Develops in sausage-shaped sporocysts in 
Pelecypoda. 

(c) Spelotrema group. Cercaria developed in sporocysts, spherical 
or oblong, in Gastropods. May have a free-swimming stage and in that 
case (e.g. Spelotrema excellens) is very small, oval and transparent with 
a thin tail about as long as or slightly longer than the body, provided 
with a boring stylet anteriorly and large stylet glands. If free- 
swimming stage is not present the cercaria is like the adult, tongue- 
shaped, covered more or less with spines, with long prepharynx and 
oesophagus, short intestinal lobes, not reaching to end of body. Tail 
may be completely absent or present in young stages of those which 
encyst in the sporocysts. 

If intermediate host is required it is a Crustacean in which the 
cercaria encysts. 

Final host—a bird. 

(d) Group of stumpy-tailed Cercariae. Cercaria developed in 
sausage-shaped sporocysts, often brightly coloured, in Gastropoda. 
Very small and transparent. Suckers almost of the same size. Oral 
sucker provided with a stylet and conspicuous stylet glands. Excretory 
vesicle very thick-walled. Tail very broad and stumpy. 

Further life-history unknown. 

(e) Lepodora. Only one species of cercaria known, oval, covered 
with spines. Intestinal lobes reaching nearly to posterior end of body. 
Tail present in young form, cast off before encystment which takes 
place within the sausage-shaped sporocysts in a Pelecypod. 

Final host—a fish. 
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2. Developed in rediae. 


(a) Cercaria neptuneae. Cercaria developed in redia in a Gastro- 
pod, very thick and large tail, two eye-spots present. Stylet glands(?) 
and cystogenous glands. Excretory vesicle very thick-walled. 

Further life-history unknown. 

(b) Acanthopsolus. Cercaria developed in redia in a Gastropod, 
two eye-spots, intestinal lobes reaching nearly to posterior end of body, 
thin tail developed in young forms which is cast off before it is full 
grown. 

Encysted stage and intermediate host probably omitted. 

Final host—a fish. 

(c) Echinostomum group. Cercaria developed in redia in a 
Gastropod. Redia usually coloured yellow or orange, provided with 
a collar, birth-pore and ambulatory processes. Cercaria with well- 
marked head end provided with crown of spines. Intestinal lobes 
reaching nearly to posterior end of body. Excretory system with small 
posterior vesicle and two conspicuous lateral canals. Tail long and 
narrow. Free-swimming stage. 

Intermediate host—a Mollusk or fish. 

Final host—Mammal, bird or fish. 


B. (With one sucker only.) 

(d) Monostomum group. Cercaria developed in rediae in a Gastro- 
pod. Eye-spots, tail long. Free-swimming stage. Encysted stage 
perhaps free. 

Final host—a bird or fish. 


Description of Material. 


Nearly all the cercariae referred to in the following notes have been 
seen by myself and drawings made from the living objects. A few 
have been copied from others when I could not get specimens, and for 
these I have to thank Dr William Nicoll and Mr Jas. Johnstone. 

Most of the work has been carried on at the Dove Marine 
Laboratory, Cullercoats, through the kindness of Armstrong College, 
Newcastle-upon-Tyne. Part of it was done at the Marine Station, 
Millport, and the Marine Laboratory, Plymouth, and I have also done 
a good deal of it at Leeds University. 

In the course of my work I have examined material at many 
different times of year, and find that in nearly every case the sporocysts, 
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rediae and cercariae are formed most abundantly in the spring, summer 
and early autumn,—scarcely at all in the winter. The encysted stages, 
however, are to be found through the winter, and it seems that these 
are real resting stages in which the larva has ceased to feed and is 
gradually forming its reproductive organs and getting ready for its 
adult life. 


Effect of Parasite on Host. 


The presence of sporocysts and rediae certainly injures the Molluscan 
host. The outer appearance of the digestive gland is usually enough 
to show if it is inhabited by these parasites. It looks unhealthy and is 
a grey, sickly yellow or a peculiar unnatural orange. It is generally 
completely riddled with the sporocysts or rediae which feed upon its 
substance. If the gonad is infected it is quite destroyed. 

On the other hand encysted cercariae seem to do little or no harm 
to their hosts even when present in great numbers; they may even be 
of economic importance, as in the formation of pearls. 

Many larval Trematodes infest our edible shell-fish. For instance 
Bucephalus haimeanus entirely spoils the cockles which it occupies. 
Many sporocysts and rediae occupy the digestive gland of periwinkles 
and Buccinum rendering it not a digestive gland at all but simply an 
organ full of parasites. The edible crab Cancer pagurus is also very 
often crowded with the cysts of Spelotrema excellens although this does 
not appear to affect the tissues in any way. 

The following is a list of Trematode larvae occupying some of our 
most important edible shell-fish : 


(1) In Littorina littorea (the periwinkle) 

Cercaria linearis (kidney and mantle cavity) 
ichinostomum secundum (digestive gland) 

Cercaria lophocerca (digestive gland) 

(2) In Buccinum undatum (the “ buckie ”) 
Cercaria buccini (digestive gland) 
C. neptuneae (digestive gland) 
Acanthopsolus lageniformis (digestive gland) 

(3) In Cardium edule (the common cockle) 
Bucephalus haimeanus (throughout body) 
Gymnophallus margaritae (under umbo) 
Lepodora rachiaea (?) (visceral mass) 
Echinostomum secundum (foot) 
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(4) In Mytilus edulis (the common mussel) 

Echinostomum secundum (foot) 

Gymnophallus margaritae (between mantle and foot) 
(5) In Cancer pagurus (the edible crab) 

Spelotrema eacellens (all over body). 


Systematic Section. 


I, GASTEROSTOMATA. 
Genus Gasterostomum 
Gasterostomum gracilescens (Rud.) (Lebour, 1908 B, p. 8). 
Larval form Bucephalus haimeanus Lacaze-Duthiers. 
(Pl. XXV, figs. 1-4.) 

This is the well-known oyster parasite. In Britain however it has 
only been observed in the cockle Cardium edule L., but always in the 
vicinity of oyster beds. It occurs in two per cent. of the cockles from 
Fenham Flats, Northumberland, and more commonly in the same 
Mollusk from Emsworth, Hampshire (in about 10 per cent. of those 
which live near the oysters). For the specimens I am indebted to 
Miss Florence Jewell of Emsworth, who kindly sent me them on several 
occasions. Johnstone (1904, p. 106) has recorded a specimen of 
Cardium edule from the Lancashire coast infested with the parasite. 

The cercaria occurs in very long sporocysts which are irregularly 
branched at intervals and so tangled together that it is almost 
impossible to separate them (fig. 1). They are packed closely together 
all over the body except the foot, completely destroying the gonad. 
Inside the sporocysts are the Bucephalus cercariae in all stages. The 
full-grown cercaria (fig. 2) measures 0°26 mm. in length without tle 
tail which is extremely contractile and may be many times longer 
than the body. The tail is a very characteristic organ consisting of a 
triangular median portion at the hind end of the body bearing on each 
side a lateral process which is thin and elastic, alternately coutracting 
and expanding as the cercaria swims. The body is covered, except at 
the tail, with minute spines arranged in transverse rows which give it a 
striated appearance. The mouth is in the centre of the ventral sucker 
which leads to a simple sac-like intestine. At the anterior end of the 
body is a sucker-like cystogenous organ. Posteriorly is a clear pear- 
shaped excretory vesicle. 
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The encysted stage of what is almost certainly the same worm 
occurs in the nerve cord and nerves of various Gadidae, most commonly 
the haddock Gadus aeglefinus L. Williamson (1911, p. 60) has recently 
recorded these cysts from the skin as well as the nerves of Gadidae. It 
was Dr David Hilt Tennant (1906, p. 635) who, working at the life- 
history of the American Bucephalus haimeanus, discovered its identity 
with some species of Gasterostomum, but I doubt if it be the same 
species as the British form although very similar. He found the 
encysted stage in the silverside Menidia menidia and the adult in the 
gar Tylosaurus marinus. The cysts in the nerves of the haddock are 
the “ Bodies of Munro” of Maddox (1867, p. 87). They occur parti- 
cularly in the region of the auditory and spinal nerves. They are also 
common in the cod Gadus morrhua L., and the whiting G. merlangus L., 
Johnstone (1904, p. 101) records it from:the Lancashire coast in Phycis 
blennioides and also from the cod and haddock. 

The cysts (fig. 3) are oval and thin-walled appearing as little bead- 
like swellings along the nerves. Length of cyst 060 mm. The 
cercaria coiled up inside is quite colourless with a very conspicuous 
opaque excretory vesicle. When pressed out of the cyst it measures 
about 2°5 mm. in length and is covered with minute spines (fig. 4). At 
about the first quarter of the body is the ventral sucker leading to a 
sac-like intestine. At the anterior end is a sucker-like organ. The 
excretory vesicle is long and narrow not reaching quite so far as the 
ventral sucker. A pair of testes is situated obliquely one behind the 
other in the posterior third of the body, the two ducts from these 
uniting in a common vas deferens which is continuous with the 
posteriorly situated vesicula seminalis and cirrus sac, the genital pore 
opening at the hind end of the body. The ovary is situated between 
the testes and the ventral sucker; the uterus and shell gland complex 
are present though not fully formed and no eggs are as yet developed. 
This encysted form is certainly identical with Gasterostomum gracilescens 
which lives in great numbers in the stomach and pyloric caeca of the 
angler Lophius piscatorius; all stages can be traced in it from forms 
exactly corresponding with the cercaria pressed out of the cyst from the 
haddock to the adult form full of eggs. The angler feeds on fish of all 
kinds, notably Gadoid, and so easily gets the worm into its alimentary 
canal. Nicoll (1909, p. 24) found immature specimens of this worm in 
the stomach of a cod. As he says, it probably got there by its 
swallowing some other Gadoid, and almost certainly it would not 
develop any further in the cod. 


Parasitology 1v 28 
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Gasterostomum sp. 
Bucephalus syndosmyae sp. inq. 
(Pl. XXV, figs. 5, 6.) 


This cercaria occurred once out of five specimens of Syndosmya alba 
from Millport, Scotland, in July. Pelseneer (1906, p. 176) records 
Bucephalus haimeanus from this Mollusk, but this is certainly distinct. 

The sporocysts riddled the whole animal but especially the digestive 
gland and region of the gonad. They are very long, thread-like and 
unbranched and contain cercariae in all stages (fig. 5). The full-grown 
cercaria which was bursting from the sporocyst is very like B. haimeanus 
(fig. 6). The ventral sucker (0°01 mm. across) which leads to the 
sac-like intestine is behind the centre of the body instead of in front. 
The body is covered with small spines. Anteriorly is a sucker-like 
cystogenous organ 0°03 mm. long by 0°02 mm. broad, or circular 
according to the state of contraction. Posteriorly is the tail with long 
processes. The centre of the tail is partially divided posteriorly by an 
indentation. 

Further stages of the life-history are not known. 


Besides these cercariae are to be noted encysted Gasterostomatous 
Trematodes found by Johnstone (1904, p. 103) in the muscles of small 
plaice. These were sexually mature and the uterus was full of eggs. 
This worm seems more nearly related to the genus Prosorhynchus than 
to Gasterostomum. 


II. ProsTomata. 
1. Cercariae developed in sporocysts. 
(a) Gymnophallus group. 
Genus Gymnophallus Odhner. 


Cercaria margaritae sp. ing. (=the Pearl Trematode 
of Jameson (1902)). 
(Pl. XXV, figs. 7, 8.) 

This is referred by Jameson to Leucithodendrium somateriae 
(Levinsen) but Odhner (1905, p. 312) thinks it resembles Gymnophallus 
bursicola more closely, and Nicoll (1x. 1907, p. 265) is of the opinion 
that it may be G. dapsilis. It is extremely difficult without infection 
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experiments to say which it is when so many of these closely similar 
species are common in the same host, 

The young cercaria occurs in sporocysts in Cardium edule and Tapes 
decussata. The sporocysts are simple, more or less spherical sacs, quite 
colourless, some large and some small, Jameson (1902, p. 153) found 
them in Tapes in the muscular or connective tissue of the mantle 
margin, particularly dorsally, close to the siphonal muscles. He thinks 
that they increase by budding and grow as the Mollusk grows. In 
between the sporocysts are often to be found chalky spots, the develop- 
ment of which Jameson regards as due to the compression of the 
tissues, owing to the growth of the sporocyst and this interferes with 
the secretion of fresh shell layers; hence these white chalky masses. 

Cardium edule was also found by Jameson to be a host for the 
sporocysts and these also occurred in the mantle margin. Afterwards 
Nicoll (1. 1906, p. 149) at St Andrews and myself (1907 a, p. 18) in 
Northumberland found these sporocysts very frequently in Cardium 
edule but not usually in the mantle margin. The usual habitat was 
just under the umbo where they occurred as a jelly-like mass frequently 
with the chalky spots mixed with them. The cockles of Fenham Flats 
and Budle Bay, Northumberland, were very commonly infected by this 
parasite. I also found it in the cockles at Millport. 

The sporocysts (fig. 7) contain the cercariae (fig. 8) which measure 
when fully formed 0°15-0°3 mm. in length, the body covered with 
spines, a pair of brown eye-spots at the anterior end, one on each side of 
the oral sucker. The ratio of the oral to the ventral sucker is about 
2:3. The lobes of the intestine do not reach so far as the ventral 
sucker and have no food inside. The testes and traces of the other 
reproductive organs can be seen in dead specimens only. The excretory 
sac is large with its lateral forks reaching as far as the pharynx. 

The cercaria presumably leaves its first host and by aid of currents 
or by crawling on the ground by aid of its suckers, reaches its 
intermediate host, Mytilus edulis. Here it settles‘down between the 
mantle and shell, feeds and grows and finally makes its way into 
the tissues of the mantle, curls itself up and rests. It does not itself 
secrete any cyst but the mantle cells grow round it and form an 
enclosing sac of epithelium. Jameson believes that the parasite 
stimulates the mantle parenchyma to form these epithelial-like cells 
which are capable of secreting a pearly-layer round the parasite. The 
cercaria may make its escape from the sac before the pearly-layer is 
formed otherwise it dies forming a nucleus for the pearl. 

28—2 
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“The final host is almost certainly one of the ducks. Jameson 
believes it to be the scoter Oedemia nigra L. which eats mussels 
voraciously. Nicoll’s G. dapsilis was also from the scoter O. nigra and 
the velvet scoter 0. fusca. 


Cercaria scrivenensis sp. inq. 
(Pl. XXV, fig. 9.) 

This was found on one occasion in Tapes pullastra from Loch 
Scriven, the Clyde, in August. Two examples occurred in one individual 
between the mantle and shell. It appears to be different from the 
other Gymnophallus cercariae so far known. Length 0-4 mm., breadth 
0:24 mm. Body covered with spines. Oral sucker 0°09 mm. across, 
ventral sucker 0:03 mm. across, Intestinal caeca reaching a good way 
beyond the ventral sucker. Pharynx 0°03 mm. long. Excretory system 
conspicuous, forks reaching to pharynx. 

Further life-history unknown. 


Cercaria glandosa mihi (1908 A, p. 4). 
(Pl. XXYV, fig. 10.) 


This occurs in Paludestrina stagnalis from Fenham Flats and is 
the only Gymnophallus cercaria known that inhabits a Gastropod. It 
is always free between mantle and shell. Only one to six specimens 
occur in the same individual. It is not certain whether this is the first 
or the intermediate host as no sporocysts were found. From the 
scarcity of specimens it seems more likely that it is the intermediate 
host. 

The cercaria measures 0°20 mm. in length, very contractile, head 
region contains numerous gland cells filling up the space between body 
wall and oral sucker and opening by ducts round the dorsal margin of 
the oral sucker. It is possible that these are cystogenous glands and 
that in this form there is an encysted stage. Oral sucker 005 mm. 
across, ventral sucker 0°033 mm. with inner margin crenulated. Small 
pharynx leading to short oesophagus, intestinal caeca extending to 
beyond the centre of the ventral sucker, usually black with contained 
food. Excretory vesicle large, forks not reaching as far as pharynx. 
Testes developed on each side of excretory vesicle. 

Further life-history unknown. Possibly this and not C. margaritae 
is the cercaria of G. somateriae which inhabits the intestine of the Eider 
Duck Somateria mollissima. 
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Cercaria macomae mihi (19084, p. 6). 
(Pl. XXV, fig. 11.) 


In Macoma balthica from Fenham Flats, occurring between mantle 
and shell, not more than three in any one specimen, three out of 20 
examined contained them. The cercaria measures 0°70 mm. long. Oral 
sucker 0°22-0°26 mm. Ventral sucker 0:06-0:07 mm. with a crenulated 
inner margin. Small pharynx, short oesophagus, intestinal caeca reaching 
not quite to the level of the centre of the ventral sucker. Excretory 
vesicle horse-shoe shaped. Testes present, ovary in front of right testis, 
oval and slightly smaller than testis. Vitellaria lie below and to right 
side of ventral sucker. 

Further life-history unknown. 


Cercaria strigata mihi (1908 4, p. 7). 
(Pl. XXV, fig. 12.) 


In Tellina tenuis and Donax vittatus from Alnmouth, Northumber- 
land, between mantle and shell in every specimen of Tellina examined 
(about 20) and in one Donazx out of a dozen. It also occurs in 3 per 
cent. of Tellina tenuis at Millport. The body spines are very conspicuous 
and stand out in ridges giving the worm a striated appearance. Length 
0°30-0°40 mm., ora] sucker 0°09 mm., ventral sucker 0°052 mm. Small 
pharynx, 0°03 mm. long, short oesophagus, intestinal caeca broad and 
almost circular, reaching a very little way beyond the anterior margin 
of the ventral sucker. Excretory vesicle lyre-shaped. Testes sometimes 
to be seen one on each side of excretory vesicle. Hind part of body 
peculiar in being slightly drawn out at the end so as to give it the 
appearance of having a short tail. Giard (1907, p. 416) regarded this 
cercaria as very probably the young of G. somateriae, I think however, 
as I have suggested in a former paper (1908 4, p. 9), that it is more 
likely to be the young form of some Gymnophallus inhabiting a bird 
other than a duck, perhaps a gull. 
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(b) Fork-tailed Cercariae. 


Cercaria dichotoma Miiller. 
(Lebour 1908 4, p. 13.) 
(Pl. XXVI, figs. 1, 2. 

This cercaria seems to be closely allied in structure to Gymnophallus 
although the presence of the forked tail seems to warrant its being 
placed in a separate group’. It occurs in long irregular sporocysts in 
the little bivalve Scrobicularia tenuis from Fenham Flats in 1 out of 
50. The sporocyst measures about 1 mm. in length, very transparent 
and full of cercariae in all stages. The cercaria measures 0°20 mm. in 
length with the tail which is slightly shorter than the body and forked 
at its free end. Oral sucker 0°033 mm. across leading directly to 
pharynx, 0°016 mm. long. Rather long oesophagus, intestinal caeca 
reaching a little way beyond the anterior margin of the ventral sucker. 
Veutral sucker lying well behind the centre of body, 0°029 mm. across. 
Excretory vesicle lyre-shaped, occupying most of the posterior part of 
body and continued right along tail where it opens at the end of 
each fork. 

Johnstone (1904, p. 107) records it from Cardium edule from the 
Lancashire coast. 

The further life-history is not known. I should say the adult must 
be closely related to Gymnophallus. The form of the intestine, excretory 
vesicle and position and relations of the suckers all indicate a near 
relative of this genus. The final host is almost certainly a bird. 


(c) The Spelotrema group. 


The adults of this group all live in birds and are very much alike. 
The intermediate host if present is a Crustacean in which the cercaria 
encysts. The cercaria in the cyst can always be recognised as belonging 
to this group as it is very like the adult except that the reproductive 
organs are not fully developed. The typical cercaria, like the adult, is 
tongue-shaped, covered more or less with spines, more pointed anteriorly 
than posteriorly, very much flattened dorso-ventrally, suckers nearly 
equal, prepharynx usually long, pharynx long, oesophagus branching 
into short intestinal caeca which rarely reach beyond the ventral sucker. 
It is generally difficult to make out much more of these cercariae and 


1 Odhner (1911, p. 105) describes a fork-tailed cercaria which he believes to be a 
species of Haplocladus. 
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therefore it is hardly possible to ascribe them to different genera. The 
genera Spelotrema, Maritrema, Levinsenia, Levinsiella are very much 
alike and are only differentiated by their reproductive and excretory 
organs. It is sometimes easy to see the genital opening and papilla in 
the Spelotrema cercaria, and in one species S. excellens Nicoll I have 
been able to follow out most of the life-history. 

Some forms of this group encyst in their sporocysts in Gastropod 
hosts and these I think may possibly belong to the genus Maritrema. 

There are two distinct kinds of cercariae in the Spelotrema group. 
One in which the cercaria has a free-swimming stage and is provided 
with a stylet and stylet glands. This is at first quite unlike the 
encysted form and gradually assumes the adult characteristics within 
the cyst. Such cercariae occur in S. ewcellens and 8S. balani. The 
other kind is like the encysted form even within the sporocysts, 
apparently possessing no tail at any period of its existence. This is the 
case with Cercaria littorinae-rudis. In such forms which encyst in the 
sporocyst the cercaria is at first tailed but gradually assumes the 
ordinary Spelotrema form, loses its tail and encysts. 


Genus Spelotrema Jagerskidld. 
Spelotrema eacellens Nicoll (x. 1907, p. 248). 
(Pl. XXVI, figs. 3-10.) 


The encysted cercaria which for excellent reasons Nicoll regards as 
S. excellens occurs in the common green crab Carcinus maenas in almost 
every organ and seems to be universally distributed in Britain. The 
first to describe this cercaria from the crab was M°Intosh (1865, p. 201) 
who found it abundantly at St Andrews from the crabs in the rock 
pools. It was afterwards described by Nicoll and Small (1909, p. 238) 
from Millport, and I have found it commonly at Plymouth and on the 
Northumberland coast. 

The first host of this Trematode has not as yet been described but I 
believe the very active and extremely small cercaria which is common 
in many places and which I have named Cercaria ubiquita (1907, p. 444) 
to be a stage in the life-history. It never occurred to me to identify 
this little creature with the encysted Spelotrema from the crab until 
after pondering over the question of its life-history at Millport and 
examining many Mollusca and crabs I was able to follow up the various 
stages of Cercaria ubiquita and found that it entered the crab, and there 
underwent changes until it finally turned into a Spelotrema-like cercaria. 
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Cercaria ubiquita is common in Paludestrina stagnalis at Fenham Flats 
and Loch Ryan on the West Coast of Scotland. Occasionally also I 
have found it in Littorina obtusata and Littorina rudis. At Millport 
Littorina obtusata from the rock pools where the crabs live is its usual 
host. It occupies the digestive gland in oval sporocysts and the whole 
of the organ has an unhealthy yellowish colour and can generally be 
quite easily told from an ordinary healthy digestive gland. 

The sporocysts (fig. 3) are oval and of various sizes, the usual size 
being about 0°6 mm. long. They are pinkish yellow when together but 
almost colourless when looked at singly. Cercariae in all stages are 
contained within which easily burst out of the thin-walled sporocyst. 

The cercaria (fig. 4) measures 0°12 mm. in length without its tail 
which is about the same length as the body and very thin and active. 
It is extremely transparent. The oral sucker measures about 0°030 mm. 
across but often appears oval when extended. It is armed with a long 
pointed stylet and by its sides open the four ducts (two each side) of the 
stylet glands which run up the body springing from two masses of large 
cells which occupy the greater part of the body. No ventral sucker is 
to be seen. It apparently develops afterwards as does also the 
alimentary canal. The excretory vesicle is bilobed. The tail very 
easily detaches itself and moves about separately. The cercaria is fond 
of doubling itself up with its fore and hind ends doubled in so that it 
looks like a neatly folded parcel. It apparently leaves its first host and 
swims freely about in the water, then bores its way by means of its 
stylet and glands into the tissues of the crab. The edible crab Cancer 
pagurus is also an intermediate host for this worm. I have found 
cercariae exactly corresponding with C. ubiquita, but without the glands, 
inside the tissues of Carcinus maenas. I have also found it curled up 
and surrounded by a very thin cyst, 0°08 mm. across (fig. 5). It has 
now lost its tail but the stylet remains for some time longer. It 
occupies almost every tissue of the crab, liver, muscles, gonad and 
outside the blood vessels. Having settled down it grows considerably 
and the cyst with it, but the latter however is still very thin-walled. 
The stylet is lost when the cyst measures about 0°30 mm. across. The 
ventral sucker and alimentary canal appear and the body spines begin 
to form. The worm stops growing when the cyst is about 0°35 mm. 
across and then the cyst wall becomes very thick, 0°02 mm. thick and 
the real resting stage begins. The cercaria is now of the ordinary 
Spelotrema form. The usual size of the thick-walled cyst is 0°4-0°48 
mm. across. It is very difficult to get the enclosed worm out of the 
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cyst without injuring it as the cysts are extraordinarily difficult to 
break through. 

The cercaria when pressed out of the cyst measures about 0°8 mm. 
in length. Its body is covered with spines except at the posterior end. 
Oral sucker 0°066 mm. across, slightly larger than the ventral sucker. 
Prepharynx long, pharynx conspicuous, oesophagus long branching into 
two caeca which reach to about the level of the centre of the ventral 
sucker. The genital papilla is plainly to be seen on the left side of the 
ventral sucker and often the vesicula seminalis is apparent. The 
excretory vesicle is large and specially conspicuous in the hind part of 
the encysted cercaria, two lateral ducts are plainly to be seen opening 
into it. Testes one on each side behind ventral sucker. From what has 
been said there can be little doubt that Cercaria ubiquita is the young 
form of S. eacellens the first host thus being Paludestrina stagnalis, 
Inttorina obtusata and L. rudis. The intermediate host Carcinus 
maenas and Cancer pagurus and the final host probably the herring 
gull Larus argentatus. 

The sporocysts and cercariae are not to be found in the winter and 
the crabs in the winter only contain the thick-walled cysts. The small 
thin-walled cysts are only to be found in the spring, summer and early 
autumn. This points to the summer and autumn as the time for the 
migration of the cercariae from the first to the intermediate host. The 
passing from Carcinus to its final host may almost certainly take place 
at any time of year. 

The cercariae C. cellulosa and C. pusilla of Looss (1896, p. 227) 
probably belong to the Spelotrema group as they are very like Cercaria 
ubiquita. In that case the final host would be a bird and not an 
insectivore as the author suggests. 


There are at least two other forms belonging to the Spelotrema 
group which encyst in the crab but which I have not been able to 
investigate in any detail. These are Cercaria carcini mihi and another 
small one which I have named Cercaria minor. The encysted cercaria 
with thick cyst mentioned by myself from Carcinus (1908 A, p. 11) is 
probably an unusually small example of S. eaxcellens. 
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Cercaria carcint mihi (1908 4, p. 10). 
(Pl. XXVI, figs. 13, 14.) 


This was found encysted in Carcinus maenas from Fenham Flats. 
Only a few specimens were examined but in no case were the cercariae 
frequent. The cyst is oval and thin-walled, 040x035mm. The 
cercaria when pressed out of the cyst measures 0°54 mm. in length, 
suckers almost equal, intestinal lobes reaching to the level of the 
anterior margin of the ventral sucker. Body covered with spines except 
at the posterior end. This is very like S. excellens but I think from the 
character of the cyst that it is a different species. 


Cercaria minor sp. inq. 
(Pl. XXVII, figs. 1, 2.) 


Occurs in smaller cysts than S. eacellens but with them in Carcinus 
maenas. The cyst wall is much thinner. Breadth of cyst 0°26 mm. 
The cercaria contained within it is well developed and certainly distinct 
from S. excellens. Length 052mm. Body covered with spines except 
at the posterior end. Oral sucker 0°46 x 0°40 mm., broader transversely. 
Ventral sucker 0°40 mm. Prepharynx and oesophagus long. Intestinal 
caeca reaching to just beyond the posterior border of the ventral sucker. 
Genital pore to left of ventral sucker. Testes and vitellaria behind. 

The further life-history is not known. 


Cercaria corophi mihi (1908 A, p. 9). 
(Pl. XXV, figs. 18, 19.) 


This cercaria occurs frequently encysted near the surface of the body 
and legs of the amphipods Corophium grossipes and Gammarus duebeni 
especially in the former, just beneath the cuticle. All those found were 
from Fenham Flats. The cyst is slightly oval 0°16 x 0:14 mm., with 
thick transparent walls. When pressed out of the cyst the cercaria 
measures 0°34 mm. in length, broad at the base with head end tapering. 
Body covered with spines except at the posterior end. Oral sucker 
0:03 mm. across, narrow prepharynx 0°04 mm. long, pharynx 0°016 mm., 
long oesophagus branching into caeca reaching just beyond the posterior 
border of the ventral sucker. Ventral sucker 0023 mm. across. 

Nothing further of the life-history is known. 
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Cercaria balant mihi (1908 4, p. 10). 
(Pl. XXVI, figs. 15, 18.) 


Occurs encysted in the common barnacle Balanus balanoides from 
Budle Bay and Fenham Flats. The cyst is thin-walled and spherical 
(fig. 16), 0°04 mm. across. The cercaria is pale yellow and when pressed 
out of the cyst measures about 1 mm. in length. Very long prepharynx, 
longer than the oesophagus. Intestinal caeca reaching to just beyond 
the posterior border of the ventral sucker. Body covered with spines 
even at the posterior end. 

It is interesting to note that small cysts with very thin walls are 
found with these large forms in Balanus and inside are curled up 
cercariae with stylets very like Cercaria ubiquita. This seems to show 
that the same kind of cercaria enters the Balanus and grows into the 
Spelotrema form. 

Some time ago I suggested (1908 A, p. 10) that this was the encysted 
Spelotrema excellens but now think that the form so commonly found in 
the crab is much more likely to be this species. 

The further life-history is not known. 


Cercaria littorinae-rudis sp. inq. 
(Lebour, 1906, p. 6.) 
(Pl. XXVII, figs. 3-7.) 


This cercaria was found only once occupying the digestive gland of 
a specimen of Littorina rudis from Holy Island, Northumberland, in the 
beginning of May. It is a specially interesting form as it shows a 
Trematode most certainly belonging to the Spelotrema group but yet 
with such a different form of cercaria, for no tail was observed and it 
probably has none. In form of the sporocysts and habit of the cercaria 
it is much more like Gymnophallus. Pelseneer (1906, p. 171) found in 
Natica alderi from Boulogne cercariae very much like these in similar 
sporocysts but there were much fewer cercariae in each. 

The sporocysts are pale yellow and spherical about 1 mm. across and 
are full of cercariae more or less doubled up. This doubling up or 
folding is interesting as they closely resemble Cercaria ubiquita in this 
way. The cercaria (fig. 5) when extended measures 0°25 mm. in length 
and the body is covered with spines except at the posterior end. 
Unfortunately I have not got more detailed measurements of this 
species. The prepharynx is much shorter than the oesophagus, 
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intestinal caeca reaching to the posterior end of the ventral sucker. 
Genital opening on the left of the ventral sucker. Nicoll (1x. 1907, p. 255) 
considers this as very likely to be the larval form of Spelotrema 
claviforme (Brandes) from the dunlin Z'ringa alpina and the ringed 
plover Aegialites hiaticula. 

The intermediate host is not known. 


Cercaria oocysta mihi (1907, p. 445). 
(Pl. XXVII, figs. 8, 9.) 


Occurs encysted in sausage-shaped sporocysts in Paludestrina 
stagnalis from Fenham Flats and Loch Ryan. It occupies the digestive 
gland in 50 per cent. of those from Fenham Flats and two per cent. from 
Loch Ryan. The sporocysts are colourless and very thin-walled enclosing 
cercariae in all stages. The younger cercariae are tailed but the tail is 
soon lost and the worm settles down to encyst. 

The cyst is thin-walled and a long oval 0:12 x 007mm. The cast- 
off tails are to be seen moving about within the sporocyst. When all 
the cercariae are encysted the wall of the sporocyst dwindles and 
disappears. 

The cercaria measures 0°24 mm. in length when pressed out of the 
cyst and is about 3} times as long as it is broad. The body is covered 
all over with spines. Oral sucker 0°026 mm. across, pharynx almost 
mid-way between the oral sucker and the bifurcation of the intestine 
but slightly further forward. Intestinal caeca reaching to about the 
level of the centre of the ventral sucker. Ventral sucker 0°019 mm. 
across, Lateral excretory canals can be made out faintly in the live 
worm. A cirrus sac opens on the left of the ventral sucker. Vitellaria 
and testes developed. 

This cercaria was found in August at Loch Ryan and in the winter 
from Fenham Flats. 

Further life-history not known, perhaps it is a species of Maritrema. 


Cercaria pirum mihi (1907 ¢, p. 446). 
(Pl. XXVII, figs. 10, 11.) 
Occurs in the digestive gland of Paludestrina stagnalis in about 
four per cent. from Fenham Flats in July, October and December. The 


cercaria occurred in cysts all over the digestive gland and in those 
specimens examined in July the remains of the walls of the sporocysts 
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could be seen which were just breaking away. In the autumn and 
winter all traces of the sporocysts had gone and the cysts were quite 
free. 

The cyst is spherical, 0°08 mm. across, quite transparent and colour- 
less, The cercaria when pressed out of the cyst is 0°2 mm. long and 
very broad at the base. It is covered all over with small spines, more 
conspicuous near the head which appears very rough. Oral sucker 
0026 mm. across, ventral sucker about the same size occurring about 
three parts of the way down the body. Prepharynx very much shorter, 
long oesophagus, intestinal caeca reaching to about the level of the 
posterior border of the ventral sucker. The two lateral excretory 
canals unite behind the pharynx. 

Nothing further is known of the life-history. It is very likely a 
species of Maritrema and perhaps the habit of encysting in the sporocyst 
may distinguish this genus from Spelotrema. 


(d) Stumpy-tailed Cercariae. 


Three different species belonging to this very well-marked group 
occur in Britain, one of which I have already recorded (1906, p. 5) eg. 
Cercaria linearis Lespés, one which I now record as new to Britain 
C. brachyura (Lespés) and one new species. All are characterised by 
their very short stumpy tails which are incapable of independent 
movement and probably serve to attach the animal (acting as a sucker) 
whilst it is looking out for its intermediate host. The oral sucker is 
armed with a stylet and the stylet glands are conspicuous. The suckers 
are almost equal, the ventral sucker situated near the posterior end. 
The excretory vesicle is extremely thick-walled; the large lining cells 
making it appear almost solid. 


Cercaria linearis Lespés (1857, p. 113). 
(Pl. XXVII, figs. 12, 13.) 


This cerearia occurs in Littorina littorea from Budle Bay and also 
from Millport. It is rare however, only being found in one specimen 
out of 190 examined from Budle and in one out of about the same 
number from Millport, both in July. 

The sausage-shaped sporocysts are very inert and occupy the kidney 
and mantle cavity spreading also into most of the other organs. They 
measure 2°6 mm. in length and are a brilliant orange, the colour being 
due to granular masses scattered throughout the sporocyst. The 
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contained cercariae are colourless measuring 0°18 mm. in length 
including the tail, tail 0°015 mm. nearly square. Oral sucker 0035 mm. 
armed with a stylet anteriorly cleft. By the side of the stylet open the 
four ducts of the stylet glands. The glands are conspicuous in front 
of the ventral sucker which measures 0°04 mm. across. The excretory 
vesicle is lined by very large conspicuous cells and opens posteriorly. 
The alimentary canal is not developed. 
Further life-history not known. 


Cercaria brachyura Lespés (1857, p. 113). 
(Pl. XXVII, figs. 14-16.) 


Occurs in the digestive gland of Gibbula cinerea from Loch Ryan 
and Millport. In two per cent. from Millport and only found once at 
Loch Ryan. 

The sporocysts like the last species are a brilliant orange colour but 
they are very active and constantly change their shape. The young 
forms are redia-like although without pharynx and intestine, often 
showing processes like the ambulatory processes of a redia. This fact 
was noticed by Pelseneer (1906, p. 168) in what he takes to be this 
species'. The older redia measures 1°2 mm. in length. The cercaria 
without its tail measures 0°24 mm. in length. The oral and ventral 
suckers are nearly the same size, the oral slightly larger than the 
ventral, oral sucker 0°05 mm. across when circular but often appears 
longer than it is broad. I could not see the stylet mentioned by 
Lespés and Pelseneer does not mention it. The stylet glands however 
are very conspicuous in front of the ventral sucker, opening by four 
ducts near the oral sucker. A pharynx is sometimes to be seen pre- 
ceded by a short prepharynx, but I could not see any more of the 
alimentary canal. The excretory vesicle is lined by very thick cells. 
The body in some of the specimens was covered with minute spines, 
The tail usually looks broader than long and is slightly cleft posteriorly. 

I think it is very likely to be a different species from Pelseneer’s 
as his ventral sucker is larger than the oral and there are other small 
differences. It may be distinct from Lespés’ species also, but they are 
all very much alike. 

The further life-history is unknown. Pelseneer observed some of 
his specimens encysted in Gibbula cinerea. The tails had disappeared 
in three out of four specimens. In the fourth it had just come off. 


' Pelseneer refers to it as Cercaria pachycerca Lespés. 
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Cercaria buccint sp. ing. 
(Pl. XXVII, figs. 17, 18.) 


This is the largest of the three cercariae belonging to this group. 
It occurs in Buccinum undatum brought in by the fishing boats, four 
out of 80 examined. It is contained in long and almost colourless 
sporocysts which occupy the digestive gland in enormous numbers. 
The gonad is not destroyed by this Trematode as is very usually the 
case with others. 

The sporocysts measure 14 mm. to 3 mm. in length, pale yellow 
or colourless and sausage-shaped. They may be 20-30 cercariae in 
each sporocyst. 

The cercaria measures 0°33 mm. including its tail, tail 0°06 mm., 
oral sucker 0°045 mm. across, armed with a stylet with four points 
anteriorly, the middle pair long and the outer short, bluntly rounded 
behind. The ventral sucker is situated well behind the centre of the 
body and is almost exactly the same size as the oral sucker. Between 
the two suckers are the stylet glands with six ducts, three on each side 
opening by the sides of the stylet anteriorly and dorsally. Behind the 
ventral sucker is a large excretory vesicle lined with very large cells. 

Further life-history unknown. 


(e) Lepodora group. 
Genus Lepodora. 
Lepodora rachiaea (Cobb.)? (Lebour, 1907 B, p. 102, and 1908 B, p. 20). 
(Pl. XXVII, figs. 19, 20.) 


The cercaria which is probably the larval stage of Lepodora rachiaea 
is very difficult to place in relation to any other larval forms. I have 
therefore left it at the bottom of the group developed in sporocysts. 

It inhabits Cardium edule and is contained within sporocysts where 
it encysts. It was found twice by myself in cockles from Budle and 
Holy Island and once by Johnstone from Morecombe Bay completely 
riddling the visceral mass of the host. 

The sporocysts are sausage-shaped and quite colourless. Sometimes 
they are active and constantly changing their shape, at other times 
they are quite inert. They measure about 0°60 mm. long and 0°15 mm. 
broad. Inside are cercariae in all stages, the older examples encysted 
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in spherical thin-walled cysts 0°14 mm. across or smaller. The young 
cercariae are tailed (tail not quite so long as the body) and very active 
inside the sporocysts. The tails disappear some time before encystment. 

The cercaria when pressed out of the cyst measures 0°19 mm. in 
length. The body is covered with spines arranged in transverse rows. 
Oral sucker 0°04 mm. across, short prepharynx, conspicuous pharynx, 
short oesophagus, lobes of intestine reaching nearly to the posterior end 
of the body. Small ventral sucker slightly behind the centre of the 
body. Large bilobed excretory vesicle. 

The specimens were obtained in March, April and October. Tailed 
forms were only obtained in October. Those found in the spring con- 
tained the encysted cercariae in the sporocysts which possibly had 
been resting through the winter. 

The final host of Lepodora rachiaea is the haddock which feeds 
much on cockles. This cercaria is very like L. rachiaea and is in all 
probability that species which passes directly into its final host by the 
haddock eating the cockle. 


2. Cercariae developed in Rediae. 
(a) Cercaria neptuneae sp. inq. + 
(Pl. XXVIII, figs. 1, 2.) 


This is most difficult to place as in some respects it resembles the 
stumpy-tailed cercariae, in others it is like Acanthopsolus, and in the 
possession of a huge tail it is unlike either. 

It occurs in the digestive gland of Neptunea antiqua brought in by 
the Cullercoats fishing boats, and also from Buccinum undatum from 
the same locality in July. In both the reproductive organs are de- 
stroyed. The whole spire is packed with the rediae which are colourless 
and measure about 2 mm. or more in length. The redia has a pharynx 
0°04 mm. long, and a very short intestine, hardly longer than the 
pharynx. It contains the cercariae in various stages. 

The cercaria measures 04 mm. in length without its tail, breadth 
in extended condition about 0°10 mm., but very variable. The body is 
covered with small spines. Tail exceedingly large and thick forming 
an effectual swimming organ, length about 0°26 mm., breadth when 
moderately extended about 0°049 mm. Oral sucker 0:033 mm. across 
when circular but it can be elongated considerably so as to be longer 
than broad. Prepharynx 0°06 mm. long, pharynx 0:03 mm. long, rest 
of alimentary canal not visible. Two large eye-spots just in front and 
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to the sides of the pharynx. Ventral sucker at about the centre of the 
body, the same size or slightly smaller than the oral sucker. Large 
unicellular stylet glands at the sides of the ventral sucker opening by 
four long ducts near the oral sucker. A stylet was not seen but 
possibly there may be a very small one as these glands seem to indicate 
its presence. Another pair of glands just in front of the ventral sucker 
with long ducts are probably cystogenous glands. The very large 
excretory vesicle is oval and lined by large cells like those of the 
stumpy-tailed cercariae. This cercaria is very like the cercaria of 
Allocreadium isoporum Looss (1894, p. 54) which is developed in 
rediae in Cyclas. This has an enormous tail, eye-spots, prepharynx, 
pharynx and alimentary canal, conspicuous glands in the front part of 
its body. It is to be noted that the adult of this species has large 
unicellular glands (“head glands”) opening near the oral sucker by 
long ducts. There is however an indication in Looss’ figure of a stylet 
in the oral sucker of the cercaria. 

It is just possible that Cercaria neptuneae may be the larval form 
of an Allocreadium or Lebouria Nicoll. 

The further life-history is not known in any way. 


(b) Acanthopsolus group. 
Genus Acanthopsolus Odhner. 
Acanthopsolus lageniformis mihi (1910, p. 29). 
(Pl. XXVIII, figs. 3-6.) 


Occurs in rediae in the digestive gland of Buccinum undatum in 
seven per cent. of those brought in by the Cullercoats fishing boats. Also 
it was found once in a specimen of Buccinum undatum from Holy Island. 

The rediae are of various sizes, the older specimens being a pale 
yellowish. The smallest seen were about 0°30 mm. long and had no 
collar nor ambulatory appendages, hind end is pointed, pharynx and 
intestine conspicuous. These small rediae contained no cercariae. 
Larger specimens measuring from 0°50 mm. contained them, the in- 
testine hardly growing at all, until in the large rediae of about 3 mm. 
it is so small that it can be easily overlooked. There may be 30 or 
more cercariae in each redia. 

The young cercaria has a tail but it apparently loses it just before 
it is ready to emerge from the redia and in all probability there is no 
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free-swimming stage. The tail is slightly longer than the body, thin 
and very active. 

The full-grown cercaria measures about 0°50 mm. in length, greatest 
breadth slightly less than half the length. Form of the body oval or 
more or less flask-shaped, the fore end more pointed than the hind end. 
Body covered all over with spines although they dwindle posteriorly. 
Two eye-spots conspicuous at the front end. Suckers almost the same 
size (0°06 mm. across), the oral slightly the larger. Conspicuous 
prepharynx and pharynx, short oesophagus, intestinal caeca reaching 
nearly to the posterior end of the body. Just behind the oral sucker 
are some small gland celis. Ventral sucker almost in the centre of body. 
Excretory vesicle large and pear-shaped, sometimes slightly bilobed 
anteriorly. Testes one on each side midway between ventral sucker 
and posterior end of body. Ovary in front of right testis. Sometimes 
traces of male and female ducts. 

The final host is the catfish Anarrhichas lupus and it is very 
probable that there is no intermediate host, the fish swallowing the 
Buccinum undatum with the contained rediae, the cercaria thus getting 
into the intestine without the aid of another host. I have never seen 
any trace of cysts in the catfish. 

The cercariae were found in the spring and summer, never in the 
winter. 


(c) Echinostomum group. 
Genus Echinostomum Rud. 


Head end provided with a crown of spines open posteriorly. 
Excretory system with much branched lateral canals. Intermediate 
host a Mollusk or in exceptional cases the cercaria may encyst in its 
first host. Final host usually a bird. 

The species of this genus are often very much alike, frequently 
possessing the same number of head spines. Three different cercariae 
are known to me all of which have 29 head spines. They can be 
quite easily distinguished however, as the rediae in which they are 
developed are quite distinctly different. I have no doubt that they 
represent different species. Moreover they are contained in constantly 
different hosts. In support of this it is to be noted that Dietz (1910, 
p. 352) recognises four species of Hchinostomum (all belonging to his 
genus Himasthla) which have 29 head spines. Odhner (1910, p. 137) 
however regards at least three of these as the same species. 
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Echinostomum leptosomum Creplin. 
(Villot, 1898, p. 18. Lebour, 1907 ©, p. 447.) 
(Pl. XXVIII, figs. 7-10.) 

Occurs in colourless or pale yellow rediae in the digestive gland 
of Paludestrina stagnalis from Fenham Flats and Loch Ryan. In 
about 26 per cent. from Fenham Flats and one per cent. from Loch 
Ryan. It occurs in spring, summer, and early autumn, most plentifully 
in marshy pools above high water mark, although also in pools left 
uncovered for several hours in the day. 

The rediae are all sorts of shapes which are constantly changing ; 
the smallest seen were 0°20 mm. long, the largest 14 mm. long. The 
young forms are pointed at the hind end and have two conspicuous 
ambulatory processes each side which tend to disappear in the larger 
rediae. The cuticle in all is very thick and much wrinkled anteriorly 
especially round the mouth. The pharynx is large but the intestine 
can hardly be made out. All stages of cercariae are contained within 
the rediae. The full-grown cercaria is tailed, without the tail 0°40- 
050 mm. long, tail 0°3 mm. long and very thin and active. It is ex- 
tremely transparent, very agile and fond of bending itself backwards 
in the form of a U. Body covered with spines except at the posterior 
end. Head end with a crown of 29 head spines arranged in a row 
round three parts of the head two at each end being below the 
others but very little smaller (long spines 0°019—0°02 mm., short spines 
0016 mm.), oral sucker 0°030 mm. across, prepharynx rather long, 
pharynx 0°026 mm. long, oesophagus long and narrow with intestinal 
caeca reaching nearly to the posterior end of the body. Ventral 
sucker 0°046 mm. across. Excretory vesicle roundish, with two 
much branched lateral canals filled with clear granules. Ducts of 
glands opening near anterior end. Gland cells all over body. In one 
case an encysted cercaria was found among the rediae but this is an 
exception as there is an intermediate host. The cercaria leaves the 
first host and swims about, finally getting into Scrobicularia tenwis. 
This small bivalve is very common on Fenham Flats and the cercaria 
encysts in the foot as described by Villot. The cyst measures 0°12 mm. 
across with a thin transparent wall of two layers. 

The final host is the turnstone Strepsilas interpres in which 
Echinostomum leptosomum is quite common. Villot found it in the 
dunlin 7ringa alpina and I have also found it in this bird. Both feed 
on Scrobicularia tenuis. 

29—2 
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Echinostomum secundum Nicoll (1. 1906, p. 151, 111. 1906, p. 515), 
(Lebour, 1905, p. 1, 1906, p. 3, and 1908 o, p. 354.) 
(Pl. XXVIII, figs. 11-14.) 


Occurs in the digestive gland of the common periwinkle Littorina 
littorea from Budle and Fenham Flats in about three per cent. in spring, 
summer, and early autumn, also in about five per cent. from Loch Ryan. 
The spire of the animal is always a brilliant orange and can easily be 
distinguished from healthy specimens which are not infected. The 
colour is due to the redia which is a bright pinkish orange when full 
grown. The very young rediae are colourless, the smallest seen was 
0-40 mm. long, with a conspicuous pharynx and intestine, collar, and 
two ambulatory processes posteriorly. The anterior part between 
mouth and collar is grooved. The collar and grooves disappear and 
the ambulatory processes gradually dwindle in the full-grown redia, 
but there is always a trace of one of the processes, the redia having 
the shape of a stocking; it may be 2 or more mm. long, and is much 
more constant in shape than £. leptosomum. 

The cercaria is colourless and transparent, length 0°70 mm. without 
tail which is not quite so long as the body. Body covered for the first 
two-thirds with small spines. Head armed with 29 spines arranged as 
in E. leptosomum but with the two short spines at each end, which are 
on a lower level, much shorter than the others. Oral sucker 0:065 mm. 
across, leading to a thin prepharynx, pharynx 0°05 x 0°03 mm., narrow 
oesophagus with intestinal caeca reaching nearly to the posterior end of 
body. Ventral sucker 0:095 mm. across. Excretory vesicle oval, two 
much branched lateral canals full of clear granules. Cystogenous ducts 
opening by oral sucker. 

The cercaria leaves its first host and swims freely in the water until 
it reaches its intermediate host, which in this case is the common 
mussel Mytilus edulis in which it settles down and encysts in the foot. 
I have determined by experimental infection that this cercaria passes 
from the periwinkle to the mussel and encysts in the foot of the 
mussel (1909, p. 353). Cysts which are almost identical with these 
and probably the same species were also found in Cardium edule, 
Mya arenaria and Tapes pullastra. The cysts project from the foot 
in well-infected specimens as small papillae dotted all over it. Each 
cyst measures 0°21-0°25 mm. across, and, except for the size, is exactly 
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like E. leptosomum. Almost every mussel at Budle contains these 
cysts and about 10 per cent. of the cockles. It is also common at 
Fenham Flats and Loch Ryan encysted in the mussels and cockles. 
The final host according to Nicoll (11. 1906, p. 515) is the oyster 
catcher Haematopus ostralegus, also the herring-gull Larus argentatus 
and the black-headed gull Z.ridibundus, in which birds an Echinostomum 
occurs, which was traced by Nicoll from very young forms almost 
exactly corresponding to the above-mentioned cercaria to the adults, 
which he has described as EZ. secundum. I think from the evidence 
of the cercariae and rediae there is no doubt that these are distinct 
species. The third form which I believe to be also a distinct species 
is described below. 


‘chinostomum sp. 
Cercaria littorinae obtusatae sp. inq. 
(Pl. XXVIII, figs. 15-17.) 


Occurs in the digestive gland of Littorina obtusata from Millport 
in about five per cent. It looks a pale yellowish-brown when infected 
but the redia is quite colourless and peculiar in having an extremely 
small pharynx and intestine even in the young forms. The smallest 
redia seen was 0°5 mm. long, of a squarish form with a conspicuous 
collar and more or less pronounced ambulatory processes. Pharynx 
very small with intestine not reaching half-way down the body. The 
older rediae measured 2—3 mm. in length, the pharynx so inconspicuous 
that it was difficult to see it at all and the intestine is actually smaller 
than in the youngest redia seen. The large rediae were full of cercariae 
in various stages. 

The cercaria is extremely like #. secundum, the smaller head spines 
however are not so short as those in E. secundum. Length of body 
0:78 mm., tail 0°4 mm. long. Body covered with spines for the first 
two-thirds of its length. 29 head spines. Oral sucker 0:06 mm, across, 
ventral sucker 0°08 mm. across. Excretory system with much branched 
lateral canals, the granules contained in them soon disappearing so that 
the clear canals are specially easy to see, and the part continued into 
the tail can clearly be made out bifurcating a little more than half-way 
down. In E£. leptosomum and E. secundum it also is continued into 
the tail but cannot be so clearly seen. 

The further life-history of this species is not known. 
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Cercaria purpurae sp. inq. 
(Lebour, 1907 B, p. 102.) 
(Pl. XXIX, figs. 1-3.) 

This cercaria which I have before described from the dog-whelk 
Purpura lapillus undoubtedly belongs to the Echinostomum group 
although certainly to another genus. Having found it much more 
frequently than before I am able to describe it more in detail. It 
occurs in the digestive gland of Purpura lapillus from Budle Bay, 
Fenham Flats, Loch Ryan and Millport. It is the commonest at 
Millport in about 20 per cent. in spring, summer, and early autumn, 
but not in the winter. The infected gland is swollen and of a pale 
yellowish colour, packed full of rediae. The redia is pale yellow or 
colourless with a bright yellow intestine. The young forms are the 
most perfectly typical rediae that I know. They measure 0°32-0°60 mm. 
in length and are narrow and quite colourless. The pharynx is 
conspicuous and leads to a large intestine occupying about half the 
length of the body. Anteriorly and to the side is a thick-lipped 
birth-pore which is capable of protrusion or withdrawal. A collar is 
not present. Two very mobile ambulatory processes occur posteriorly 
one on each side of the pointed hind end, and these are also 
capable of being retracted completely or exserted for quite a long 
distance. These young rediae are to be found in the mantle cavity 
and also in the digestive gland and most probably migrate from one 
organ to the other. The sporocyst in all probability occurs in the 
mantle cavity and gives rise to rediae which migrate to the digestive 
gland where they feed and multiply enormously, finally giving rise to 
cercariae. The older redia loses its hind appendages but its pharynx 
and intestine are still conspicuous when it is full of cercariae. The 
full-grown redia may be 3°6 mm. long. The cercaria is very solid and 
thick but extremely active. Length of body 0°64 mm. without tail 
which is 0°42 mm. long. The tail is very thin with a sucker-like end. 
There is no indication of a continuation into it of the excretory system. 
Body entirely covered with broad scale-like spines except in the head 
region and the region of the ventral sucker. The inside of the body 
is occupied by large gland cells arranged in four groups, the ducts from 
which run together on each side expanding into six smaller ducts on 
each side which open by the oral sucker. The head is extremely 
complicated and beset with numerous spines and papillae. There is 
a considerable space, the neck, between the flat body spines and the 
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head, and this head bear a row of fine spines arranged as far as I 
can make out as a crown undulating on the ventral surface, straight 
dorsally. The oral sucker has papillae arranged round its opening and 
there are also papillae round the oral sucker. Oral sucker 0:06 mm. 
across, short prepharynx, small but muscular pharynx. Ocsophagus 
long, reaching to about the centre of the body where it bifurcates, 
intestinal caeca reaching nearly to the posterior end of the body. 
Ventral sucker 0:099 mm. across but with the space round it may 
appear much larger and it is difficult to define its limits. Excretory 
vesicle round receiving two thick lateral canals. 

Here we have a very characteristic and common form but nothing 
further is known of its life-history. It almost certainly inhabits a bird 
in its adult state. 

It is interesting to note that full-grown cercariae were found in the 
mantle cavity of Purpura together with the very young rediae, which 
seems to indicate that the cercaria emerges from its host by the same 
route that the redia uses to get to the digestive gland. 


Cercaria patellae sp. inq. 
(Lebour, 1907 B, p. 103.) 
(Pl. XXIX, figs. 4, 5.) 

This cercaria occurred once in the digestive gland of Patella vulgata 
from Loch Ryan out of 16 examined in September. The gonad was 
completely destroyed. 

Redia colourless, long and transparent, 1°8 mm. or more in length. 
Pharynx conspicuous but no intestine could be seen. All the rediae 
were full of tailed cercariae. 

The cercaria measures 0°50 mm. in length with the tail thin and 
measuring less than half the length of the body and abruptly truncated. 
Body covered with small spines. Head surrounded by two complete 
rows of longer spines. Oral sucker leads to a narrow prepharynx, 
muscular pharynx, long oesophagus branching into caeca reaching 
nearly to the posterior end of the body. Ventral sucker behind the 
centre of the body. Excretory vesicle receiving two unbranched lateral 
canals full of bright granules. 

Nothing further is known of the life-history. 

I had thought it was possibly a Stephanochasmus but it is very 
probably, as suggested to me by Dr Nicoll, that it is the cercaria of 
Echinostephilla virgula which I have described from the turnstone 
(1909, p. 3). 
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Genus Stephanochasmus Looss. 


Head with two complete rows of spines. Intermediate host—fish, 
final host—fish. 


Stephanochasmus baccatus Nicoll (1. 1907, p. 80, Lebour, 1908 A, p. 14). 
(Pl. XXIX, figs. 6, 7.) 

The encysted form is very common under the skin of Pleuronectid 
fishes, the dab Pleuronectes limandu L., witch P. cynoglossus L., lemon 
dab P. microcephalus Donov., and long rough dab Hippoglossus 
limandoides Bloch, all being infected on the Northumberland Coast. 
Johnstone (1904, p. 98) has recorded and described it from the West 
Coast of England and Nicoll and Small (1909, p. 244) from Millport. 
The cercaria occurs beneath the skin on the under side and sometimes 
on the gills, the fish serving as the intermediate host. The cyst 
is composed of two layers, the first thick and tough, the second 
transparent. 

The cercaria when pressed out of the cyst measures 2°9-3 mm. in 
length. It is pear-shaped with a very long neck, the body covered with 
spines which gradually disappear posteriorly. They are large near the 
head and surrounding the head are two rows of very long pointed 
spines, those in the upper row shorter than those in the lower (upper 
spines 0°022 mm. long, lower 0026 mm. long). The number is 
variable, from 48 to 58 spines in two uninterrupted rows of 24 to 29 
spines each. Nicoll thinks it probable and it seems to be very likely 
that we have to do with several different species. Oral sucker 0°26 mm. 
across, prepharynx 0°50 mm. long, pharynx 0°18 mm. long, very muscular 
leading to broad oesophagus branching into two coeca which reach 
nearly to the posterior end of the body. Genital aperture immediately 
in front of ventral sucker. Ventral sucker 0°23-0'26 mm. across. Two 
round testes and an ovary occur at the hind end of the body. Vasa 
deferentia joining a thin club-shaped vesicula seminalis in front of 
which the cirrus sac encloses a small cirrus. Oviduct short, other 
female organs not yet developed. Excretory vesicle very large, circular 
and opaque occupying the posterior region. 

This cercaria is probably Stephanochasmus baccatus Nicoll, which he 
found in the halibut Hippoglossus vulgaris Flem. This worm has 
56 spines round its head. As Nicoll suggests however there may be 
S. caducus and S. triglae as well as S. baccatus encysted in these fish 
and we may have examples of them all. 
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Other encysted Distomes have been observed but it is impossible to 
assign to them any position in this scheme as the younger stages are 
not known. These are Cercaria limae Nicoll and Small, C. concava 
Nicoll and Smal] and a cercaria which I have found frequently encysted 
in the mussels and cockles of Northumberland and the West Coast of 
Scotland, Nicoll (111. 1907, p. 91) also records an encysted Trematode 
from the skin, muscles, bones and layers of the eye of a Cottus bubalis 
from St Andrews, which was rendered completely blind by the parasite. 
He was not able to identify it. Im the same work he also mentions an 
encysted Distomid from the gills of Cottus scorpius and Gobius ruthens- 
parri. 

I have not myself observed the following two cercariae. The 
descriptions are taken from those of Nicoll and Small (1909, p. 242) 
who kindly allow me to reproduce their figures. 


Cercaria limae Nicoll and Small (1909, p. 242). 
(Pl. XXIX, fig. 8.) 


This was found in single isolated cysts in Lima hians from Millport. 
Cyst spherical, about 0°3 mm. in diameter, with thin opaque membranous 
wall. Cercaria 0°60 mm. long, elongated oval outline, colourless and 
transparent. Suckers globular, oral sucker 0°12 mm., ventral 0°152 mm., 
latter situated at the beginning of the posterior third of the body. 
Cuticle smooth. Two small oval testes just behind ventral sucker, 
their long axes directed obliquely outwards and forwards. Short 
excretory vesicle. Small pharynx contiguous with oral sucker. In- 
testinal diverticula arise immediately behind pharynx and appear to 
terminate near testes. The authors think this is the larval form of a 
Steringophorus or Fellodistomum, the latter parasitic in its adult state in 
the catfish Anarrhichas lupus and the former in various Pleuronectids. 


Cercaria concava Nicoll and Small (1909, p. 243). 
(Pl. XXIX, fig. 9.) 


Found in a young plaice Plewronectes platessa contained in a small 
round cyst embedded under the skin. It measured 0°17 mm. in 
diameter, very thin-walled so that the cercaria was easily liberated. 
Shape of the cercaria flattened, considerably broader towards the 
posterior end than towards the anterior end. Length 0°48 mm., greatest 
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breadth 0°22 mm., oral sucker small, round, 0°06 mm. across, prepharynx 
0°03 mm. long, pharynx 0°04 mm., oesophagus 0°04 mm. Intestinal 
diverticula bend in towards the middle line in the vicinity of the 
genital sucker, then curve out and again approach each other posteriorly. 
Excretory vesicle clearly seen, consisting of two fairly straight lateral 
tubes, beginning near the pharynx and running into a simple, rather 
wide terminal sac at the posterior end of the body. Genital sucker 
about the middle of the body, not a true ventral sucker. Vestigial 
ventral sucker in front of genital aperture. Traces of two small testes 
in front of the ends of the intestinal diverticula. Cuticle covered with 
scale-like spines. 

The authors regard this as the larval form of Cryptocotyle concava 
(Crepl.) which they have found in the adult state in the shag Phala- 
crocorax graculus which feeds, as they state, largely on small plaice, 
dabs and flounders. 

T. Scott (1909, p. 78) records an encysted Distomid from the walls 
of the stomach of a witch Pleuronectes cynoglossus from the Moray 
Firth. He thinks it is very probably the cercaria of Distomum 
cestovdes Ed. van Beneden which he records from the oesophagus of the 
skate Ruia batis, Aberdeen. He very kindly sent me specimens of 
the adults which are slightly different from those I have described from 
the starry ray R. radiata as Otodistomum veliforum (Creplin). 


Cercaria mytili sp. ing. (Lebour, 1906, p. 5). 
(Pl. XXIX, fig. 10.) 


This occurs commonly encysted in the digestive gland of the mussel 
Mytilus edulis and cockle Curdium edule, chiefly in the mussel from 
Northumberland and the cockle on the West Coast of Scotland. The 
cyst is spherical and thick-walled but quite transparent, 0°20 mm. 
across. Very little could be made out of the structure of the cercaria 
as it was nearly always damaged when pressed out of the cyst. 

Cercaria 0°46 mm. long, covered with spines. Posterior end pointed, 
head end rounded. Oral and ventral suckers about the same size 
0:06 mm. across. Ventral sucker just behind the centre of the body. 
Alimentary system not seen. Excretory system very conspicuous in 
the cercaria curled up in the cyst. Two lateral canals full of clear 
granules. 

Further life-history unknown. 
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(d) Monostomum group. 


Cercaria ephemera Nitsch (= Monostomum flavum Mebhlis), 
Lebour (1907 c, p. 436). 


(Pl. XXIX, figs. 11, 12.) 

This cercaria is not the larval form of Typhlocoelum flavum (Mehlis) 
as was formerly thought: the ends of the forks of the alimentary canal 
are not joined as they are in that genus. I have therefore returned to 
the name Cercaria ephemera given by Nitsch. It occurs in the digestive 
gland of Paludestrina stagnalis from Fenham Flats and Loch Ryan ; 
in about six per cent. from Fenham Flats and 20 per cent. from Loch 
Ryan in August and November. The redia is yellowish with a dark 
brown intestine, well developed pharynx but no thickening round the 
mouth. It is active and contains cercariae in all stages. 

The cercaria measures 0°24 mm. in length without its tail which is 
slightly longer than the body. It is opaque and speckled with brown 
with a brownish tinge all over the body. Anteriorly there are three 
conspicuous eye-spots arranged in a triangle. The body at each side of 
the base of the tail is drawn out and provided with a small sucker-like 
structure which apparently helps to fix the cercaria whilst the anterior 
part of the body is extended. The oral sucker is large and leads to the 
oesophagus which bifurcates just behind the anterior eye. There is 
no pharynx. The lobes of the intestine extend nearly as far as the 
posterior end of the body. The excretory vesicle is a clear sac at the 
hind end of the body with two conspicuous lateral canals full of clear 
granules opening into it. 

The further life-history is not known but it apparently belongs to 
the family Notocotylidae Lhe., which live in the intestinal caeca and 
rectum of sea birds. Liihe (1909, p. 178) thinks it may be Notocotyle 
triseriale Dies. or Catatropis verrucosa (Frél.), both of which live in a 
variety of sea birds, more particularly ducks. This species is perhaps 
identical with Cercaria imbricata Looss which he regards as the larval 
form of Notocotyle triseriale Dies. (1896, p. 192). C. imbricata occurs 
in Bythinia tentaculata. The usual habitat of C. ephemera is Planorbis 
corneus a purely fresh water Mollusk. 


Cercaria lophocerca Fil. (Lebour, 1907 c, p. 443). 
(Pl. XXIX, figs. 13-15.) 
This peculiar cercaria occurs in the digestive gland of Paludestrina 
stagnalis from Fenham Flats (in about .40 per cent.) and Loch Ryan 
(15 per cent.) and also occurs in the digestive gland of the periwinkle 
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Littorina littorea at Millport (10 per cent.) in spring, summer and early 
autumn. There is a great reduction in their numbers in autumn and 
winter. The appearance of a periwinkle infected with it is very un- 
healthy, the digestive gland being a curious greyish yellow. The gonad 
is destroyed. 

The cercaria is contained in colourless rediae with a yellowish 
brown intestine. The redia can be very active and constantly changing 
its shape. The young forms are striated transversely and have no collar 
nor ambulatory processes, they measure about 0°16 mm. in length. 
Older rediae 1:4 mm. long or longer with thickened mouth, small 
pharynx and conspicuous intestine. Cercaria 0°2 mm. long without its 
tail which may be more than three times the length of the body and 
provided with a very thin fin placed dorsally and ventrally for its whole 
length. By the aid of this finned tail the cercaria whizzes about in 
a most characteristic manner. 

The body is covered with spines. Anteriorly are two dark eye- 
spots one on each side of the oral sucker. Oral sucker 0°35 mm. across 
when at rest but it is constantly being elongated and protruded like a 
snout. No alimentary canal can be made out. Most of the body is 
occupied by two large masses of gland cells with long straight ducts 
running forward and opening by the oral sucker. The excretory vesicle 
is bilobed and oval with its long diameter transverse. 

The further life-history is not known. 
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DESCRIPTION OF PLATES XXV TO XXIX. 


The following letters apply to all the figures. 


C. cercaria. 


C.G. cystogenous glands. 
C.O. cystogenous organs. 


C.S. cirrus sac, 

E. eye. 

E.V. excretory vesicle. 
G. gland cells. 

G.A. genital aperture. 
I. intestine. 

L.C. lateral canal. 

O. ovary. 

OD. oviduct. 





GS. cesophagus. 
O.S. oral sucker. 
P. pharynx. 

P.PH. prepharynx. 
S. sporocyst. 

S.G. stylet glands. 
S.G.D. ducts of stylet glands. 
ST. stylet. 

T. testis. 

V. vitellaria. 

V.D. vas deferens. 
V.S. ventral sucker. 


PLATE XXV. 


Figs. 1-4. Gasterostomum gracilescens (Rud.). 


1. Portion of sporocyst (length 1 mm.). 

2. Bucephalus haimeanus (length 0:3 mm.). 

3. Encysted cercaria (long axis 0°6 mm.). 

4. Cercaria pressed out of cyst (length 2°6 mm.). 


Figs. 5, 6. Gasterostomum sp. 


5. Portion of sporocyst. 


6. Bucephalus syndosmyae sp. ing. (length 0°26 mm.) 


Figs. 7, 8. Gymnophallus sp. 


7. Part of cockle from under umbo containing sporocysts with cer- 


cariae. 


8. Cercaria margaritae sp. ing. (length 0-2 mm.). 
Fig. 9. Cercaria scrivenensis sp. ing. (length 0°4 mm.). 
Fig. 10. Cercaria glandosa Lebour (length 0-2 mm.). 
Fig. 11. Cercaria macomae Lebour (length 0-7 mm.). 
Fig. 12. Cercaria strigata Lebour (length 0°3 mm.). 


PLATE XXVI. 


Figs. 1, 2. Cercaria dichotoma Miiller. 
1. Sporocyst (length 1 mm.). 


2. Cercaria dichotoma Miiller (length 0-2 mm.). 
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3-12. Spelotrema excellens Nicoll. 
3. Sporocyst (length 0°6 mm.). 
4, Tailed cercaria (=Cercaria ubiquita) (length 0-12 mm.). 
5-6. The cercaria having just entered Carcinus maenas and covered itself 
with a very thin cyst (0°014 mm. across). 
7-11. Are various stages in the encystment of the cercaria drawn in 
proportion. 
12. The cercaria pressed out of the cyst (length 0°8 mm.), 
13, 14. Cercaria carcini Lebour. 
13. Cercaria bursting out of cyst (length of cyst 0°4 mm.). 
14. Cercaria pressed out of cyst (length 0°54 mm.). 
15-17. Cercaria balani Lebour. 
15. Encysted cercaria (cyst 0°4 mm.), 
16. Cercaria pressed out of cyst (length 1 mm.). 
17. Small cyst from Balanus balanoides (0°15 mm.). 
18, 19. Cercaria corophii Lebour. 
18. Encysted cercaria (length of cyst 0°16 mm.). 
19. Cercaria pressed out of cyst (length 0°34 mm.). 


PLATE XXVII. 


1, 2. Cercaria minor sp. ing. 
1. Encysted cercaria (cyst 0°26 mm.). 
2. Cercaria pressed out of cyst (length 0°52 mm.). 
3-7. Cercaria littorinae-rudis sp. inq. 
3. Sporocysts (1 mm. across). 
4. Cercaria pressed out of cyst (length 0°25 mm.). 
5-7. Different aspects of cercariae within sporocyst. 


gs. 8, 9. Cercaria oocysta Lebour. 


8. Sporocyst with encysted cercariae (length 0°12 mm.). 
9. Cercaria pressed out of cyst (length 0°24 mm.). 
10, 11. Cercaria pirum Lebour. 
10. Encysted cercaria (cyst 0°08 mm.). 
11. Cercaria pressed out of cyst (length 0°2 mm.). 
12, 13. Cercaria linearis Lespés. 
12. Sporocyst (length 2°6 mm.). 
13. Cercaria (length 0°18 mm.). 
14-16. Cercaria brachyura Lespés. 
14. Young sporocyst (length 0-2 mm.). 
15. Older sporocyst (length 1:2 mm.). 
16. Cercaria (length (0°26 mm.). 
17, 18. Cercaria buccini sp. ing. 
17. Sporocyst (length 1:4 mm.). 
18. Cercaria (length 0°33 mm.). 
19-21. Lepodora rachiaea (Cobb.). 
19. Sporocyst containing encysted cercariae (length 0°60 mm.). From a 
drawing by Mr Jas. Johnstone. 
20. Cercaria pressed out of cyst (length 0°19 mm.). 
21. Young tailed cercaria. 
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PLATE XXVIII. 


Figs. 1, 2. Cercaria neptuneae sp. ing. 

1. Redia (length 2 mm.). 

2. Cercaria (length without tail 0°4 mm.). 
Figs. 3-6. Acanthopsolus lageniformis Lebour. 

3. Young redia (length 0°3 mm.). 

4. Older redia (length 3 mm.). 

5. Young tailed cercaria. 

6. Cercaria (length 0°5 mm.). 
Figs. 7-10. Echinostomum leptosomum Creplin. 

7. Young redia (length 0-2 mm.). 

8. Older redia (length 1°4 mm.). 

9. Cercaria (length without tail 0°5 mm.). 

10. Encysted cercaria (cyst 0°12 mm.). 
Figs. 11-14. Echinostomum secundum Nicoll. 

11. Young redia (length 0°4 mm.). 

12. Older redia (length 2 mm.). 

13. Cercaria (length 0°7 mm.). 

14. Encysted cercaria (cyst 0°23 mm.). 
Figs. 15-17. Echinostomum sp. Cercaria littorinae obtusatae sp. inq. 

15. Young redia (length 0°5 mm.). 

16. Older redia (length 2°5 mm.). 

17. Cercaria (length 0°78 mm.). 


PLATE XXIX. 


Figs. 1-3. Cercaria purpurae sp. ing. 
1. Young redia (length 0°32 mm.). 
2. Older redia (length 3 mm.). 
3. Cercaria (length without tail 0°64 mm.). 
Figs. 4, 5. Cercaria patellae sp. inq. 
4. Redia (length 1:8 mm.). 
5. Cercaria (length 0°5 mm.). 
Figs. 6, 7. Stephanochasmus baccatus Nicoll. 
6. Encysted cercaria. 
7. Cercaria pressed out of cyst (length 2°9 mm.). 
Fig. 8. Cercaria limae Nicoll and Small (length 0°6 mm.) from Nicoll and Small (1909, 
p. 242). 
Fig. 9. Cercaria concava Nicoll and Small (length 0°48 mm.) from Nicoll and Small (1909, 
p. 243). 
Fig. 10. Cercaria mytili sp. ing. (cyst 0°2 mm.). 
Figs. 11, 12. Cercaria ephemera Nitsch. 
11. Redia. 
12. Cercaria (length 0°24 mm.). 
Figs. 13-15. Cercaria lophocerca Fil. 
13. Young redia (length 0°16 mm.). 
14. Older redia (length 1-4 mm.). 
15. Cercaria (length without tail 0°2 mm.). 
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THE KURLOFF-BODY, A SPURIOUS PARASITE. 
By OTTO V. HUFFMAN, M.D. 


(From the Laboratories of the Cincinnati Hospital, 
Cincinnati, Ohio, U.S.A.) 


(With 11 Text-figures.) 


TWENTY years or more have passed since Kurloff first observed 
certain vacuoles or cell enclosures in the protoplasm of the large mono- 
nuclear leucocytes of the guinea-pig while working'in Ehrlich’s laboratory. 
Since then improved staining methods and discoveries in the field of 
protozoology have made it possible to take new view-points in regard to 
these cell enclosures which are called Kurloff’s-bodies. Therefore it is 
not with surprise that we find Ferrata, Patella, Goldhorn, Schilling and 
others believing these bodies to be protozoan in nature. Patella how- 
ever is the only one who claims to have observed a flagellate develop 
from a Kurloff-body and of course this observation would put an end to 
all dispute if it could be verified. 

After Patella had observed a Kurloff-body develop flagella and 
acquire motility he undertook to prove that the Kurloff-body is an 
intracellular phase in the life cycle of a flagellate commonly found in an 
infusion of the greens which may be fed to the guinea-pigs. By isolating 
newly born guinea-pigs and feeding them solely upon sterilized milk and 
bread he succeeded in keeping the blood free of these bodies, but he did 
not observe his isolated guinea-pigs beyond the age of four months 
because they died. It is important to note along with this that Jolly 
and others have found that the Kurloff-body does not appear in the 
circulation of the guinea-pig until it is at least three or four weeks of 
age. Consequent upon his observation of the development of a flagellate 
in the blood and the results he obtained in his feeding experiment, 
Patella jumped to the early conclusion that the Kurloff-body is none 
other than the intracellular phase of a flagellate which occurs in an 
infusion of greens. That this was conjecture upon the part of Patella 
is further. shown by his belief that the Kurloff-body is identical with the 
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Leucocytozoa (Haemogregarina)' of Bentley and Adie for he could not 
have arrived at such a belief if he had had any first hand knowledge of 
those organisms. Likewise in the controversy which ensued between 
him and Pappenheim it was entirely irrelevant to base any argument 
upon some rod-shaped bodies once observed by Auer in a case of acute 
lymphatic leukaemia in man, or upon a flagellated organism observed 
by Loewit in the blood of a patient post mortem. 

It was Patella’s observation that the Kurloff-bodies were most 
numerous in the blood of guinea-pigs confined in damp filthy cages, 
along with a similar observation of Balfour who noted that handling 
of the rats and dampness of the cages increased the prevalence of 
Haemogregarina balfouri, as well as the fact that the Kurloff-body is 
absent in the newly born guinea-pig, that led me to investigate the 
parasitic theory in regard to these bodies. 

My studies and experiments have been carried on continuously for 
one year and I am greatly indebted to Professor Wherry for much 
assistance in pursuing the investigation. Inasmuch as the Kurloff- 
body was found not to be a parasite I will simply outline the results of 
my work. 

It was my first duty to corroborate, if possible, the observations of 
Patella: Kurloff-bodies were patiently observed in wet blood prepara- 
tions for long periods of time without the reward of seeing flagella 
develop. As the mononuclear leucocyte containing the Kurloff-body 
changes its own form or moves, the Kurloff-body undergoes a corre- 
sponding change. Several times I was surprised to see how active the 
Brownian movement of particles of so-called haemoconien became when 
in the vicinity of a Kurloff-body—but this was simply of passing interest. 
The flagellate which occurs in an infusion of lettuce, endive, or carrots, 
was found to be a species of Bodo and the same species was found in the 
contents of the caeca of all guinea-pigs examined. 

With a further view to Patella’s theory I examined the epithelium 
of the small as well as the large intestine for a possible ectoschizous or 
endoschizous phase of a parasite, and I likewise examined the cells of the 
mesenteric lymph nodes. All of the guinea-pigs contained Kurloff- 
bodies in the blood but in none did I find a Kurloff-body in the mesen- 
teric lymph nodes. 

My next procedure was to examine all of the organs of the body to 
find in which portion of the body the Kurloff-bodies occur most numer- 
ously. This was found to be in the pulp of the spleen. Here again 


1 For literature see Parasitology (1910), m1. 71. 
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wet preparations of blood and spleen pulp containing many Kurloff- 
bodies of all sizes were kept under observation for more than a month 
without noting any development or change in the Kurloff-bodies. The 
warm stage and incubator were used to preserve some of them at the 
same temperature as that of the guinea-pig. 

As Kurloff observed through very elaborate studies extending over 
several years that the large mononuclear leucocytes were not affected 
by splenectomy I made no effort to repeat his experiments. 

The stained preparations were made from fresh blood, spleen pulp, 
and from the sealed specimens which had been under observation. 
Various methods of fixation were tried, Schaudinn’s, warm formalin 
vapour, ether, acids, osmic acid vapour, etc. The ordinary dry blood film 
fixed by methyl alcohol, dried, and stained by Giemsa gives the most 
uniform results; the Kurloff-body being stained a lighter shade of 
purple than the nucleus of the mononuclear leucocyte. If the methyl 
alcohol is applied to the blood before it has dried or if the Giemsa 
solution is applied before the methyl alcohol has entirely evaporated, 
the Kurloff-body may appear as a sac containing precipitated stain. If 
fixed with ether the Kurloff-body appears more homogeneous and stains 
more nearly red. The smallest bodies occur as azurophilic granules, 
one or more in the protoplasm of the mononuclear leucocyte and 
suggest an Anaplasma-like body. The bodies larger than a granule 
are stained a purplish colour; several may occur in one leucocyte and 
they may indent the nucleus. The most common form is about equal 
to the nucleus in size and is frequently associated with two or more 
small vacuoles in the protoplasm of the leucocyte. A distinct non- 
stained wall to the Kurloff-body may be evident especially when the 
body is smaller than the nucleus. 

The fact that Kurloff-bodies occur in greater quantity in female 
guinea-pigs than in male caused me to make a complete study of the 
generative organs and their secretions but no parasites could be dis- 
covered. 

So far all investigation had been based upon the assumption that 
the Kurloff-body is a phase of an homoic parasite. As the ecto-parasites 
had never been given any consideration as possible transmitters of the 
supposed Kurloff-body parasite, 1 took as a working hypothesis that the 
Kurloff-body is an heteroic parasite. It was rather disquieting to begin 
with to find that very lousy or flea infested guinea-pigs did not present 
more Kurloff-bodies in their blood than the less lousy or less flea 
infested. As I progressed in the work I soon found that Kurloff-bodies 
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were present in the blood of all guinea-pigs—I never failed to find 
them in a guinea-pig if I continued the search for several days. I might 
mention here with regard to the differential counting of leucocytes 
from day to day that the results were quite variable, such variations 
being dependent upon the factors of food, the degree of heat and 
friction applied to the ear just before withdrawing the blood, the 
previous number of times the ear had been cut and how recently ; but 
in general the proportion of polymorphonuclear forms to the mono- 
nuclear forms is about equal. The mononuclear cells containing 
Kurloff-bodies vary from day to day as much as from 1 to 20 per cent. 
of all the leucocytes. 

To see what effect, if any, might result from keeping guinea-pigs 
free of ecto-parasites I performed the following experiment. Four 
guinea-pigs were thoroughly combed and brushed. Two of them were 
etherized and bathed in ether, alcohol, and acetic acid solution so as to 
kill all lice and eggs and then naphthalin was dusted and rubbed into 
their coat. This treatment was found unnecessary and not so good as 
the daily use of pyrethrum powder blown in amongst the separated hairs 
by an insufflator and the removing of all nits on top of the head by 
rubbing with a solution of 10-20 per cent. acetic acid. The guinea-pigs 
were placed separately in tin buckets which each day were scalded, 
dried, and supplied with dry sterilized saw-dust for bedding. To pre- 
vent the guinea-pigs from becoming infested with lice the buckets 
containing the animals were suspended from the ceiling. After a few 
days of such treatment I examined each guinea-pig for ecto-parasites 
with negative results—but to ensure the complete extermination of any 
lice that might have been missed an assistant was detailed to carefully 
examine the pigs and treat them with the powder and fresh dusty 
bedding every morning for several months. It was found that the 
removal of all lice made no appreciable difference in the number of 
Kurloff-bodies present. Two of the females gave birth to young under 
these conditions, and, while the young did not contain the larger, more 
mature Kurloff-bodies, they were found to harbour the smallest form 
of Kurloff-body, 7.e. the azurophilic granule. 

During the summer months these four guinea-pigs which were free 
from ecto-parasites were placed in a wet muddy hutch protected by fine 
wire screening and far removed from any source of infestation. Within 
a few days many of the mononuclear leucocytes contained from one to 
six azurophilic granules and within a week many of the mononuclear 
leucocytes contained the largest form of Kurloff-body, 7.e. the sac, much 
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larger than the nucleus which is crowded to one side, containing 
granular matter and small rod-shaped bodies. These animals upon 
again being placed in the dry buckets soon showed a recession in the 
number of Kurloff-bodies present. 
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Figures 1—11. Sketched by aid of Camera Lucida. x 1000. 

Fig. 1. Mononuclear leucocyte with three azurophilic granules in protoplasm.—Fig. 2. 
The same with two azurophilic granules in protoplasm, one being double.—Fig. 3. 
Kurloff-body of moderate size, i.e. smaller than the nucleus of the mononuclear 
leucocyte which contained it.—Fig. 4. Kurloff-body with granular contents and 
rod-like bodies.—Fig. 5. Two small azurophilic Kurloff-bodies, and one large one 
which is stained purple by Giemsa and appears to have an unstained double-contoured 
wall.—Fig. 6. Kurloff-body, with granular contents and rod-like bodies produced by 
fixation before the blood film had dried.—Fig. 7. Two small vacuoles in protoplasm 
between nucleus and Kurloff-body.—Fig. 8. Red blood corpuscles sketched to give 
comparative size of leucocytes and Kurloff-bodies.—Fig. 9. Most common form of 
Kurloff-body, i.e. about the same size as the nucleus, homogeneous and stained a 
lighter shade of purple than the nucleus by Giemsa’s stain.—Fig. 10. Vacuole in 
protoplasm between periphery and Kurloif-body.—Fig. 11. Last stage of Kurloff- 
body. 

Furthermore, I made a complete study of the intestinal contents, 
excreta, and body juices of a large number of Gyropus gracilis, G. ovalis, 
Ctenocephalus canis, Ceratophyllus fasciatus, and Acanthia lectularia 
which had fed on guinea-pigs containing a high percentage of Kurloff- 
bodies. In the case of the lice and their ova, they were experimented 
with on the hypothesis that an organism might be liberated when the 
egg is ingested by the guinea-pig: sealed preparations of lice and ova 
mixed with gastric juice were observed; and a large number of lice 
were fed to a guinea-pig having few Kurloff-bodies, but nothing was 
discovered. 

Another hypothesis suggested itself to me by finding in several 
instances moulds and yeasts in the spleens of guinea-pigs immediately 
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after the removal of these organs under aseptic precautions. The fact 
that yeasts had been found in the spleen in cases of blastomycosis was 
encouraging. I thought that the Kurloff-body might be the result of 
the chemical activities initiated by a spore either living or after its 
digestion by a leucocyte. This point of view gained support from the 
observation that cultures made from blood alone always remained 
sterile whereas cultures from the spleen occasionally gave a growth of 
a yeast or mould. 

Much of this work was repeated and carried out with much care, 
yet all of the results are conclusive as disproving Patella’s assertion that 
the Kurloff-body is an intracellular stage of a flagellate. 

It is important that all who experiment with guinea-pigs should be 
familiar with these cell inclusions which seem to be normal to the 
guinea-pig; for I find no less an observer than Mary Rowley, working 
with the assistance of the staff of the Rockefeller Institute, interpreting 
them as caused by the injection of blood from a case of fatal anaemia. 
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ON THE LIFE-CYCLE OF SPIROCHAETA' 
GALLINARUM. 
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(From the Laboratories of Professors Mesnil and Marchouz, 
Institut Pasteur, Paris; and the Quick Laboratory, Cambridge.) 


(With 5 Figures and Diagram in Text.) 


DuRING the past two years I have been working on the morphology 
and life-history of Spirochaeta duttoni and, although successful in 
tracing parts of the life-cycle of this parasite, yet the work has been 
accompanied by many difficulties owing to the large percentage of ticks 
that are immune to infection. 

Whilst working at the Institut Pasteur, Professor Marchoux kindly 
placed at my disposal a plentiful supply of Argas persicus infected with 
Spirochaeta gallinarum and, therefore, having such good opportunities 
of studying this parasite in both of its natural hosts, I took up the study 
of this closely related species and have been successful in — the 
main features of its life-cycle. 

As, however, certain confirmatory evidence as to the true relationships 
of the spirochaetes is not complete and, moreover, is liable to be delayed, 
it has been thought advisable to publish the main results which have 
been obtained in the form of a preliminary note. 

Two strains of Spirochaeta gallinarum have becn employed in the 
following work. For the earlier observations the original strain of 


1 In employing the term Spirochacta instead of Treponema we do not thereby express 
disagreement with the scheme of classification proposed by Dobell (1911). This point will 
be considered in a later communication. 
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spirochaetosis, brought back from Brazil by Professor Marchoux, was 
used ; later, Dr Foley sent a large number of infected Argas persicus 
from Beni-Ounif-de-Figuig, Algeria, with which most of the subsequent 
observations have been made. 


The spirochaete in the fowl. 


The parasites have been examined in the living state and also in 
stained preparations. For fresh examination the blood film was 
maintained at a temperature of 40°C. by means of a thermostat and, 
by employing dark-ground illumination, the division of the spirochaetes 
could be followed through all its stages. 
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Fig. la-h. Various stages in the flexion and transverse division 
of Spirochaeta gallinarum. 
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The details of division seem to differ in some respects from that 
previously described for blood spirochaetes (e.g. Mackinnon, 1909; 
Fantham and Porter, 1909), but resemble that of Cristispira, described 
by Gross (1910), and Spirochaeta anodontae, described by Bosanquet 
(1911). 











E. HInDLE 465 


The various stages are shown in the accompanying text figure 
(Fig. 1). One end of a long spirochaete (a) doubles back (b), the 
reflexed portion being closely applied to the main part of the parasite. 
The reflexed part gradually increases in length (c), all the time being 
closely wound round the other portion of the spirochaete (b, c), and thus 
the two ends approach each other and finally appear in juxtaposition 
(d). The appearance now presented by the parasite is that of two 
spirochaetes tightly coiled together, except that at one end of the coil the 
two threads are continuous, being flexed through an angle of 180°. 

After having passed through this process, which takes place with 
considerable rapidity, the two halves of the spirochaete uncoil from each 
other ( f, g) and separate at the point of flexion (g), thus producing two 
parasites. Sometimes the spirochaete breaks in two, before the daughter 
parasites have uncoiled from each other (e). In the former case the 
parasites may remain connected together for some time before finally; 
separating (h) and in this case exactly resemble the forms of transverse 
division previously recorded for these parasites. 

As the two halves of the dividing spirochaete are very closely wound 
together before separating, the process of unwinding and final separation 
into two halves simulates longitudinal division to an extraordinary 
degree and, in many cases, it required the most careful examination to 
decide whether one was dealing with a case of true longitudinal division, 
or the above described transverse fission. I have never observed 
longitudinal division in either this species or S. duttoni, and it seems 
probable that the so-called “longitudinal fission” might be explained as 
the final stage of this peculiar method of transverse division. As for 
those cases in which an apparently single, long spirochaete merely 
separates into two approximately equal halves, it is impossible to say 
whether they represent the last stage of the above-described division, 
or merely the separation of two distinct parasites which have been 
temporarily agglutinated together by their ends. It may also represent 
direct transverse division without any previous flexion of the spiro- 
chaete. 

In any case, whatever may be the true interpretation of the latter 
forms, the division of S. gallinarum is certainly usually transverse, and 
as I have devoted considerable time to the observation of the parasite 
without ever having observed any sign of longitudinal fission, I believe 
that it is invariably transverse. 

By means of examination with the dark-ground illumination, I have 
frequently observed the breaking up of the spirochaete into a number 
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of coccoid forms (? spores), in the manner described by Balfour (1911) 
for this species, and also by Bosanquet (1911) for S. anodontae. I can 
entirely confirm Balfour’s description of this interesting process, which 
takes place at the crisis of the disease or after drug treatment. 

It is observed much more frequently in the contents of the gut of an 
Argas, which has previously fed upon an infected bird. The spirochaete 
gradually assumes the appearance of a chain of beads (Fig. 2 a-d) 
contained within the transparent cell-wall. 

After swimming about for some time in this form, the spirochaete 
appears to rupture at one end and the coccoid bodies escape into the 
surrounding medium, leaving an empty sheath behind them (e). In 
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Fig. 2a-f. Successive stages in the formation of the coccoid bodies 
(diagrammatic). 


some cases the whole cell-wall seems to disintegrate before the coccoid 
bodies escape, but the final result is the same, viz. the liberation of a 
varying number of minute round or ovoid bodies ( /). 

The fact that these coccoid forms are produced in large numbers 
after drug treatment, or when the parasites are in unfavourable 
conditions, has caused them to be regarded previously as merely the 
result of granular disintegration. Apart from their regularity in size 
and appearance, which in itself precludes the possibility of their being 
regarded as degeneration products, the time of their appearance is just 
when one would expect them. Moreover, the appearance of degenerating 
spirochaetes is very different from that presented by segmenting forms, 
as, instead of the production of a row of coccoid forms of uniform 
thickness, either the whole spirochaete gradually dissolves away, or, as 
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the result of plasmolysis, one or more irregular swellings are formed 
along the length of the parasite (Fig. 3 a-e). 

Some of these degeneration forms are very peculiar and have given 
rise to the belief in the existence of male, female and indifferent forms, 
which still exists among certain authors. One form of degeneration 
that is particularly common is the production of a large round cyst-like 
body about the middle (a-d), or at one of the extremities of the spiro- 
chaete (e). This is the result of the cell membrane of the parasite 
becoming swollen out like a bubble, as a result of the pressure of the 
contents. These forms have been repeatedly described as “cysts,” but 
they are merely one of the results of plasmolysis. 
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Fig. 3 a-f. Degeneration forms, showing the production of 
large cyst-like bodies. 


The examination of stained preparations has not added much to the 
information derived from a study of the living parasites. In most cases 
the films were fixed in osmic acid vapour, then hardened in absolute 
alcohol and stained either with Giemsa, or one of its modifications. 
Some films were fixed in Flemming’s solution, or in sublimate alcohol 
and then stained with Heidenhain, or safranin and methylene blue 
(Hindle, 1909), the films never being allowed to dry. These latter 
preparations were of use as confirmatory evidence of the results obtained 
by a study of dried films. 

The examination of the spirochaetes, no matter what method of 
staining was employed, has not revealed the existence of any differen- 
tiation in the contents of the cell. Neither chromatic granules nor 
anything even suggesting a nucleus can be seen and the whole 
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parasite appears to consist of a thick cell-wall (periplast) surrounding 
a homogeneous core which, from its staining reactions, seems to consist 
of chromatic material. 

At certain periods, especially after being ingested by the tick, the 
endoplasm of the spirochaete breaks up into a series of darkly staining 
bodies (Fig. 2 c), which become rounded off in the form of minute 
coccoid bodies or spores, contained within the cell-wall (Fig. 2 d). 
These coccoid bodies then escape by rupture of the cell-wall and appear 
in the plasma as round, or ovoid, chromatic-staining bodies, the 
diameter of which is usually about 0°24. The true nature of these 
bodies is problematical, for although in some respects they resemble 
the spores of bacteria—especially the Disporea—in their formation, 
yet the fact that they stain deeply and also multiply (see below), at 
once differentiates them from true spores. From their shape and sub- 
sequent behaviour, it is preferred to call them “coccoid bodies” and 
their nature will be discussed in a future communication. 

The development of these coccoid bodies into spirochaetes has not 
yet been observed in the blood of the fowl, as the spirochaetosis of fowls 
rarely assumes the relapsing type. It has been followed, however, in 
the body of the tick and will be described under that section. 

I have not been successful in observing the penetration of the 
spirochaetes into the red blood corpuscles in the manner described by 
Prowazek (1906), but from their behaviour in the tick it is quite 
possible that it may occasionally take place. The transformation of 
spirochaetes into the intracorpuscular bodies of Balfour (1909) has, 
therefore, not been observed, although these bodies have been met with 
occasionally. 

A careful examination of a number of normal fowls has revealed the 
fact that occasionally intracorpuscular bodies, identical in appearance 
with those described by Balfour, may be found in the red cells, and 
consequently it is extremely probable that they are the products of 
nuclear degeneration. The fact that the nucleus, or its contained 
nucleolus, may bud off fragments into the cytoplasm is well known and 
also occurs in the red cells of normal fowls. That the appearance 
of numbers of these bodies is associated with an attack of spirochaetosis 
is no more significant than the fact that haemolysis accompanies an 
attack of piroplasmosis. It is known that nuclear degeneration of 
certain cells is associated with some diseases (e.g. rabies; Acton and 
Harvey, 1911) and, therefore, there is nothing improbable in the view 
that the intracorpuscular bodies of Balfour are of this nature. It is 
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important to note that Balfour's figures show that these bodies have 
exactly the sume staining reaction as the nucleus of the red cell, and, 
moreover, are identical in appearance with the products of undoubted 
nuclear degeneration seen in normal fowls. 

This nuclear degeneration seems to be a special feature of the fowl 
spirochaetosis occurring in the Sudan and in South Africa (Jowett), for 
it only rarely occurs in the blood of fowls infected with the strains of 
this disease from Brazil and Algeria respectively. With these latter 
strains of spirochaetosis the infected bird usually dies at the height 
of infection, or else recovers, and the infection rarely assumes the chronic 
form, necessary for the production of abundant nuclear degeneration of 
the red cells. 


The spirochaete in the tick. 


After being taken into the tick, some of the spirochaetes penetrate 
the wall of the gut and appear in the coelomic fluid. The time which 
elapses between the ingestion of the parasites and their appearance in 
the coelomic fluid varies from 2 hours to as long as 48 hours and, 
moreover, their appearance is by no means constant, for in some cases 
we have never seer any spirochaetes in the coelomic fluid, although the 
tick was examined at intervals for four days after having fed on an 
infected fowl. Usually the parasites only remain in the coelomic fluid 
a short time, as they bore their way into the salivary glands and gonads 
of the tick within a few hours. 

As a result we have found numerous spirochaetes in the salivary 
glands and ovary, respectively, of a tick that had fed on an infected bird 
6 hours previously. As this tick had been kept at a uniform tempera- 
ture of 28°C. for at least three months previously, the spirochaetes in 
these organs must have come from the gut. Contamination during the 
dissection certainly did nor occur in this case, for the preparations show 
a complete absence of any of the characteristic gut-contents. 

The spirochaetes in these organs and also in the Malpighian tubules 
bore their way into the cells (Diagram A), and after becoming more or 
less coiled up, often producing cyst-like forms, segment into a number 
of “coccoid bodies.’ These intracellular coccoid bodies multiply by 
transverse fission, especially in the cells of the Malpighian tubules and 
the ovary. As a rule they soon disappear from the salivary glands and 
therefore it seems probable that, as in the case of 0. moubata (Leishman, 
1910; Hindle, 1911), these organs are not usually responsible for the 
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infection, but that it is produced by the excretion of infective material 
which enters the open wound caused by the tick’s bite. 

In support of this view I might mention that, although the majority 
of Argas persicus do not emit their coxal fluid and excrement whilst 
attached to the fowl, yet a few were noticed to pass their secretion 
immediately after feeding. In these cases the excreted substance 
bathed the open wound caused by the tick’s bite. The injection into 
a Java sparrow! of some of this material—coxal fluid mixed with 
excrement—from one tick was followed by a severe spirochaetal infection, 
and yet, in practice, it is generally necessary to feed numerous ticks on 
a bird in order to produce an infection. I believe that the reason of 
this latter fact is that, as a rule, only those few Argas which emit their 
coxal fluid and excrement whilst on the bird are responsible for the 
infection. The fact that spirochaetes may be found in the salivary 
glands is evidence that these organs may be infective, but as both the 
spirochaetes and the resulting coccoid bodies often disappear from this 
part of the tick, it is evident that it is not a favourable situation for 
their development. 

Many of the spirochaetes remain in the lumen of the gut and it is 
in this situation that one observes the formation of the coccoid bodies 
with the greatest clearness. One to two days after the parasites have 
been ingested into the gut of the tick, by examination with dark-ground 
illumination, large numbers of spirochaetes may be observed undergoing 
this process of the formation of the coccoid bodies. As a result the 
spirochaetes rapidly disappear from the gut of Argas (in three to ten 
days, according to the temperature), whereas, when infected blood is 
merely kept in a sealed glass tube, the parasites may persist for as long 
as three months and show various stages of degeneration, some of 
which have been described above (Fig. 3). 

The resulting coccoid bodies persist in the lumen of the gut and 
Malpighian tubules and are excreted together with the Malpighian 
secretion. When the crystals escape from the Malpighian tubule the 
intracellular coccoid bodies may also become free and thus the Malpighian 
secretion is continually infected, and when mixed with the coxal fluid it 
may enter the open wound caused by the tick’s bite. The coccoid bodies 
would then be able to develop into spirochaetes in the blood of the bird, 
although this process has not actually been followed. 

The development of the intracellular coccoid forms into normal 


1 These birds are not more susceptible to S. gallinarum than fowls. From their 
small size they are more convenient for inoculation experiments. 
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spirochaetes and also into fusiform bacilli has been repeatedly observed 
in the tick. If an infected Argas be kept at a temperature of 37° C., 
after about five days spirochaetes appear in the coelomic fluid, the lumen 
of the gut, and all the organs of the tick. By making a series of films 
commencing with the unincubated tick and ending with those containing 
fully developed spirochaetes, all the stages in the development of the 
latter forms from the coccoid bodies may be obtained. 

The effect of heat on the development of the intracellular coccoid 
bodies is rather variable and does not always result in their development 
into spirochaetes. The first effect seems to be the production of growth 
and transverse fission, resulting in the production of large masses of 


coy) 


Fig. 4. Stages in the development of spirochaetes 
from the coccoid bodies. 


coccoid bodies that simulate schizogony. Subsequently, certain of 
the coccoid forms elongate, first assuming a bacillus form, and then 
appearing as short spirilla (Fig. 4). Some of the bacillus forms merely 
elongate into long fusiform bacilli which are usually intracellular. The 
short spirilla escape from the cells into either the lumen of the gut and 
Malpighian tubules, or into the coelomic fluid, and there grow in length 
until they appear as normal spirochaetes (Fig. 4). The various stages 
in their elongation up to the normal spirochaete have been repeatedly 
observed in the tick and, therefore, it may reasonably be assumed that 
the same form of development occurs when the coccoid bodies are 
introduced into the blood of a fowl. As the spirochaetes appear in the 
coelomic fluid of a tick which has been incubated at 37° C. for a few 
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days, the parasites naturally make their way from this medium into all 
the organs, where they may easily be found. 

The development of the coccoid bodies was also followed in the eggs 
laid by infected Argas. It was found that the eggs usually contain a 
cousiderable number of these coccoid bodies and as in this case there is 
absolutely no possibility of external contamination, many were kept at 
a temperature of 37°C. in order to follow the development of the 
spirochaetes. This was all the more important as the only experiments 
with the larvae hatched from the eggs laid by an infected Argas, seemed 
to show that the infection was not transmitted to the larvae. Blanc 
(1911) has used this as an argument against the view so ably put 
forward by Leishman (1910) that the granules (= coccoid bodies) 
represent a stage in the life-history of the spirochaete. 





Fig. 5. Cell from the embryonic Malpighian tubule of an egg that has been heated for 
5 days at 37°C. Showing the elongation of the intracellular coccoid bodies resulting 
in the production of long filaments. 


It was found, however, that not only could spirochaetes be obtained 
by maintaining the eggs containing coccoid bodies at a temperature 
of 37°C., but that also infection could be produced by feeding the 
infected larvae on a fowl. A large number of larvae, hatched from eggs 
laid by infected Argas from Algeria, were placed on a fowl. The bird 
showed parasites four days later and the next day died from the 
infection, with its blood swarming with spirochaetes. Another batch 
of larvae hatched from the eggs of the Argas from Brazil, but possibly 
mixed with some of the Algerian strain, also produced a fatal infection in 











KE. HINDLE 473 


a fowl. With the first stage nymphs obtained from these larvae another 
fowl has also been infected and we are rearing these nymphs in order to 
see whether the infection is transmitted to their offspring, as in the 
case of 0. moubata. 

The study of the coccoid bodies in the developing eggs is of great 
interest for these forms seem to concentrate into particular regions of 
the embryo. The cells of the Malpighian tubule when in the embryo 
often contain enormous masses of the coccoid bodies, which, in some 
cases, are sO numerous as to completely fill the cells. In this respect 
they agree with the similar stages of S. duttoni occurring in the 
developing eggs of O. moubata (Leishman, 1910). If the developing 
eggs were kept at a temperature of 37°C. either long fusiform bacilli 
or spirochaetes were obtained, according to the time at which one 
commenced the incubation. 

If the eggs were placed in the incubator as soon as they had been 
laid the larvae did not hatch out until the 7th or 8th day and in the 
films made from them the simple elongation of the coccoid bodies into 
intracellular, long fusiform bacilli was observed (Fig. 5). No spiro- 
chaetes were found in the films made from the freshly hatched larvae, 
nor, in fact, from those made from the larvae after they had been kept 
in the incubator for another three or four days. Moreover, in these larvae 
the coccoid bodies and fusiform bacilli seemed to disappear after the 
7th day. 

On the other hand two batches of infected eggs that were allowed 
to develop at 28°C. for about a week before being placed in the incubator, 
both showed abundant spirochaetes in the larvae that hatched from 
them about four days later. In this case the various stages in the 
development of the coccoid forms into normal spirochaetes were the 
same as those occurring in the incubated adult tick. 

It seems possible, from a consideration of the above-described 
results, that whilst the coccoid forms are intracellular they can either 
multiply by transverse fission or simply elongate into fusiform bacilli or 
short spirilla, identical in appearance with ordinary bacteria. In order 
to develop into spirochaetes it is necessary for them to escape from the 
cell into a fluid medium; in the case of the tick, either the coelomic 
fluid, or the contents of the gut. When the eggs are allowed to 
develop at 28°C. for a few days before being placed in the 
incubator, the developing spirochaetes are able to escape from the 
cells into the coelomic fluid, which is not formed until late in the 
development of the larvae. As a result, in this fluid medium they 
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grow up into normal spirochaetes resembling those occurring in the 
blood. 

The inoculation of these coccoid bodies into Java sparrows has not 
always been followed by infection and there is evidently some other 
factor in their development which is not quite clear. One experiment 
has been made, however, which suggests that the coxal fluid may be of 
assistance in causing the development. 

A number of eggs containing numerous coccoid bodies were crushed 
up and the resulting material divided into two halves. One part was 
mixed with some coxal fluid, carefully collected to avoid any possibility 
of it being contaminated by excrement, and the mixture then injected 
into a Java sparrow. The other half of the crushed eggs were directly 
injected into another sparrow. The first bird became infected five 
days later and died of the infection with its blood swarming with 
spirochaetes, whereas the second bird never became infected. 

On another occasion the injection of eggs containing coccoid bodies 
that had been heated at 37°C. for 36 hours produced a very slight 
infection in a Java sparrow. ‘Two injections of the coccoid bodies from 
eggs that had been heated at 37°C. for 24 hours were followed by 
negative results, whilst on another occasion an injection of similar material 
produced a slight infection. The results, therefore, are somewhat 
contradictory and show that there is still some undetermined factor 
connected with their development. 

It is possible that when the coccoid bodies mixed with the coxal 
fluid enter the wound caused by the tick’s bite, the spirochaetes 
multiply at the site of infection before entering the general circulation. 

Up to the present we have been unable to cause the development of 
these coccoid bodies in culture media, but there is little doubt that they 
are capable of being cultured, for both Tunnicliff (1906) and Noguchi 
(1911) have succeeded with other species of spirochaetes. The former, 
working with S. vincenti, obtained cultures of the fusiform bacillus forms, 
which, in the case of S. gallinarum, are obtained in the cells of Argas 
that have been heated at 37°C. for a few days. 

Therefore, it is possible that one of the stages of the spirochaete 
may be cultured without the spirochaete form being developed. 

The discussion of the true position of the spirochaetes will be 
postponed until a more detailed account of this parasite is published. 
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SUMMARY, 


The life-cycle of S. gallinarum may be briefly summarised as 
follows : 

Commencing with the ordinary parasite in the blood of the fowl, the 
spirochaete grows until it reaches a certain length (16 w—19 ~) and then 
divides by the peculiar mode of transverse division described above. 
This process is repeated and is probably the only method of multiplica- 
tion of the parasite within the blood. When the spirochaetes disappear 
from the circulation some of them break up into coccoid bodies which, 
however, do not usually redevelop in the fowl. When the spirochaetes 
are ingested by Argas persicus, some of them pass through the gut wall 
into the coelomic fluid. From this medium they bore their way into 
the cells of the various organs of the tick and there break up into a 
number of coccoid bodies. These intracellular forms multiply by 
ordinary fission in the cells of the Malpighian tubules and gonads. 
Some of the coccoid bodies are formed in the lumen of the gut and 
Malpighian tubules. The result is that some of the coccoid bodies may 
be present in the Malpighian secretion and excrement of an infected 
tick and when mixed with the coxal fluid may gain entry into another 
fowl by the open wound caused by the tick’s bite. They then elongate 
and redevelop into ordinary spirochaetes in the blood of the fowl, and 
the cycle may be repeated. 
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NEW SPECIES OF TICKS (HAEMAPHYSALIS, 
AMBLYOMMA). 


By L. E. ROBINSON, A.R.C.Sc. Lonp. 
(From the Cooper Laboratory for Economic Research, Watford.) 
(With 4 Text-figures.) 


THE following descriptions relate to two new species of the genera 
Haemaphysalis and Amblyomma, respectively, and to a new variety of 
Amblyomma variegatum : 


Haemaphysalis silacea sp. n. 9, from South Africa (370)! 
Amblyomma variegatum var. n. nocens, ¢, from South Africa (371). 
Amblyomma fiebrigi sp. n. ¢ and 9, from South America (6). 


Haemaphysalis silacea sp. n. 


Fig. 1, a-/. 
Male: unknown. 


Female (ungorged): body 2°4 x 1‘7 mm., ovate, narrowing anteriorly ; 
colour earthy yellowish-brown; dorsum punctate, almost glabrous. 
Marginal groove commencing some distance behind the scutum and 
terminating at the antepenultimate festoon. Postero-median and 
accessory grooves represented by broad shallow depressions; festoons 
well-defined. Scutum 104x117 mm., broadly ovate, almost circular ; 
colour somewhat darker than the general body colour; deeply emar- 
ginate, scapulae rounded; punctations fine, fairly numerous and 
regularly distributed. Cervical grooves of moderate depth, slightly 
convergent posteriorly. Capitulum (1. 440 ~) short and broad; basis 


1 These figures refer to numbers in W. F. Cooper’s collection. 
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capituli rectangular, about three times as broad as long; cornua short, 
with rounded extremities; porose areas well separated, the interval as 
great as or exceeding the double diameter. Palps hemicylindro-conical, 
with no prominent lateral protrusion; articles 2 and 3 with postero- 
ventral, -lateral and -dorsal margins slightly salient ; article 3 with a 
retrograde process on the ventral surface only. Hypostome dentition 
4| 4. Venter scattered with pale hairs; genital orifice opposite inter- 
space between coxae II and III; genital grooves widely separated and 


* ™* 
|05mm ™ 














- » I 


Fig. 1. Haemaphysalis silacea ¢? : (a) dorsum (capitulum foreshortened); (b) capitulum, 
dorsal aspect; (c) capitulum, ventral aspect; (d) spiracle (the arrows indicate the 
anterior and lateral margins, respectively); (e) coxae I-IV; (f) tarsi I and IV. 
f—same magnification as b and c, d—same magnification ase. (C. 370. L.E.R. del.) 
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divergent ; spiracles almost circular (270-290 uw). Legs: coxa I with a 
small wide triangular spur, coxae II and III with an oblique salient 
ridge; coxae IV with a wide triangular spur, larger than that on coxa I. 
Tarsi tapering gradually, unarmed; tarsus IV more than three times 
as long as broad. 

Origin: Gonubie Park, East London, South Africa. Described 
from 4 ?’s found on oxen allowed to run on “starvation camp” from 
which stock had been excluded for two years. ; 


Amblyomma variegatum var. n. nocens. 
Fig. 2, a-. 


Male: body (1. 46-5°5 mm., w. 3°6-4°2 mm.) closely resembles that 
of the type. Scutwm: ornamentation’ differs slightly from that of 
A. variegatum; the pale areas anterior to the falciform stripe are 
golden-yellow in colour; those posterior to the falciform stripe, together 
with the lateral pale areas, coppery-red narrowly margined with green ; 
falciform stripe isolated ; cervical stripes may or may not extend back- 
wards to fuse with the falciform stripe; lateral spots conjoined, forming 
an arch, or indistinguishably fused with the dark-coloured marginal 
band, the lateral pale areas in such a case being absent ; postero-median 
stripe narrow, with a slightly knobbed extremity; accessory stripes 
narrower than those of the type, directed towards the postero-lateral 
angles of the falciform stripe; margins and festoons entirely dark- 
coloured. The dark markings are more elevated above the general 
surface than is the case in the type. Cervical grooves deep. Puncta- 
tions numerous, much coarser than in the type, confluent in places. 
Eyes hemispherical, pale or dark, orbited. Capitulum typical. Palps 
slender, contracted at base of article 2; article 1 carinate on ventral 
surface. Hypostome long, dentition 3|3 on greater portion, 4|4 on 
proximal portion. Venter typical, spiracle short comma-shaped. Legs 
typical; coxae I with two stout spurs, the internal blunt, the longer 
external spur more pointed ; coxae II and III with a salient ridge, three- 
fourths the width of the coxa; coxae IV with a single stout spur. 


1 The descriptive nomenclature of the ornamentation used above, is based on that 
prescribed by Dénitz, W. (1909), “ Uber das Zeckengenus Amblyomma,” Sitzungsber. d. 
Gesellsch. naturforsch. Freunde, No. 8, and ‘‘ Die Zecken Siidafrikas,” Schultze, Forschungs- 
reise, Iv. (3), Jenaische Denkschr., xv1. 

Falciform stripe=Sichelfleck, cervical stripe=Cervicalstrich, lateral spot = Seitenfleck, 
postero-median stripe = Mittelstrich, accessory stripe = Nebenstrahl. 
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Fig. 2. Amblyomma variegatum var. nocens 3: (a) dorsum; () capitulum, dorsal aspect; 
(c) capitulum, ventral aspect; (d) spiracle; (ce) coxae I-IV; (f) tarsi I and IV. 
(C. 371. L.E.R. del.) 
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Tarsi abruptly attenuated; tarsi I unarmed, tarsi II, HI and IV 
bicalcarate. 

Female: undescribed. The donor of the specimens gave a short 
verbal description of the female of this variety, from which it may be 
presumed that it conforms very closely to the type. 

Origin: Rhodesia, South Africa. Host not specified. Described 
from 2 ¥’s collected by Mr E. M. Jarvis, F.R.C.V.S., of the Dept. of 
Agriculture, Southern Rhodesia. 

Mr Jarvis furnished the following notes: 

This tick has become notorious among Rhodesian stock owners as 
the “ Pyaemia tick.” It is attributed to be the causative agent in the 
transmission of pyolymphangitis in equines; its bites are so’severe as to 
cause violent inflammation and sloughing of the mammae in cows. It 
also attacks the heads of native children, causing sloughing of portions 
of the scalp. 

Native districts: Umtali, Inyanga, Makoni, Melsetter, Portuguese 
Baruwe, Portuguese Majiica and the Zambesi Co.’s Territory. The tick 
is found chiefly in the bush veldt, at elevations of 2000 to 3000 feet, 
seldom above 4000 feet. 


Amblyomma fiebrigi sp. n. 
Figs. 3, a-g, and 4, a-e. 


Male: body 3°4 x 2°37 mm., ovate, moderately elongate. 

Scutum dull brown with indistinct pale spots (indicated in the 
figure by dotted outline); extreme margins and intervals of festoons 
darker brown; scapular angles almost pointed. Marginal groove 
absent. Cervical grooves in the form of short deep oval pits. Puncta- 
tions numerous, rather small, regularly distributed. Eyes flat, large, 
indistinct. Festoons well defined, longer than broad. Capitulum 
(/. 1 mm.); basis capituli rectangular, with rounded lateral margins ; 
twice as broad as long; postero-lateral angles barely salient. Palps 
short, clubbed ; article 3 more than half as long as article 2. Hypostome 
spatulate, extremity rounded, emarginate, dentition 3|3. Venter 
wrinkled, glabrous. Genital orifice opposite coxae II. Extremities of 
circumanal groove prolonged anteriorly and fused with the genital 
groove on either side. Spiracles relatively large, broadly elongate 
comma-shaped. Legs short and stout. Coxae I with two short stout 
contiguous spurs of which the external is slightly the longer; coxae II, 
III and IV each armed with a short blunt spur, largest on coxae IV 
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Tarsi relatively small, abruptly attenuated; tarsus I slightly humped 
beyond the pseudo-articulation, unarmed; tarsi II, III and IV 
bicalcarate. 





e 


Fig. 3. Amblyomma fiebrigi ¢: (a) dorsum; (b) capitulum, dorsal and lateral aspects; 
(c) hypostome; (d) spiracle; (e) genital and anal gruoves; (f) coxae I-IV; (g) tarsi 
IandIV. b, d, e, f and g—same magnification asa. (C.6. L.E.R. del.) 


Female (a slightly distorted specimen, semi-gorged): body 4°4x3°7 
mm., dorsum almost black, glabrous, scattered with coarse punctations. 
Marginal groove present, fine and superficial, incomplete, commencing 
a little behind the lateral angles of the scutum and terminating at the 
antepenultimate festoon. Postero-median and accessory grooves shallow 
and ill defined. Festoons present, intervals fine and shallow. Scutum 
broader than long (2°15 x 2°44 mm.), almost rhomboidal ; postero-lateral 
margins slightly convex and sinuous; colour as in ¢’, with indistinct 
pale markings. Cervical grooves, scapular angles and punctations as 
in gf. Eyes situated at the lateral angles of the scutum. Capitulum 
(2. 1:26 mm.); basis capituli more trapezoidal than in the ; porose 
areas almost circular, large and deep, the interval, about equal to the 
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diameter of a porose area, is occupied by two consecutive median 
depressions. Hypostome similar to that of the ~. Venter almost 


glabrous, a few very minute whitish hairs on the peripheral portion. 


Vulva opposite the interspace between coxae II and III. Genital 
grooves indistinct ; circumanal and ano-median grooves deeply incised. 
Spiracle comma-shaped, with a rounded “tail.” Legs similar to those 


of the ¥, spurs on coxae smaller. 
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Fig. 4. Amblyomma fiebrigi ? : (a) scutum; (b) capitulum, dorsal aspect; (c) coxae I-IV; 
(d) spiracle; (ec) tarsiI and IV. (C.6. L.E.R. del.) 


Origin: Described from 1 ¢ and 1 , collected at San Bernardino, 
Paraguay, S. America, by Dr Karl Fiebrig. Host not specified. 

Professor L. G. Neumann, of Toulouse, to whom the specimens were 
submitted, and who kindly gave his opinion concerning them, made the 
following comments: “se rapproche beaucoup de A. géldii. Les 
différences consistent dans les ponctuations, qui sont plus fortes dans 
A. géldii, et surtout dans l’hypostome qui chez ce dernier a 4| 4 files de 
dents, tandis qu'il n’en a que 3|3 dans votre espéce. La forme de 
l’écusson de la $ est différente aussi dans les deux espéces.” 
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The Cambridge Medieval History. Volume Tl, The 
Christian Roman Empire and the Foundation 
of the Teutonic Kingdoms. Planned by /. B. Bury, 
M.A., Regius Professor of Modern History. Edited by 
H. M. Gwatkin, M.A., and J. P. Whitney, B.D. 


Royal 8vo. pp. xxii+754. With a portfolio of 14 maps. Price 2os, net. 
Extract from the Preface 


The present volume covers a space of about two hundred 
years beginning with Constantine and stopping a little short 
of Justinian. At its opening the Roman Empire is standing 
in its ancient majesty, drawing new strength from the reforms 
of Diocletian and the statesmanship of Constantine: at its 
close the Empire has vanished from the West, while the East 
is slowly recovering from the pressure of the barbarians in 
the fifth century, and gathering strength for Justinian’s wars 
of conquest. At its opening heathenism is still a mighty power, 
society is built up on heathen pride of class, and Rome still 
seems the centre of the world: at its ending we see Chris- 
tianity supreme, Constantinople the seat of power, and the 
old heathen order of society in the West dissolving in the 
confusion of barbarian devastations. At its opening Caesar’s 
will is law from the Atlantic to Armenia: at its ending a 
great system of Teutonic and Arian kingdoms in the West 
has just been grievously shaken by the conversion of the 
Franks from heathenism direct to orthodoxy. 

In our first chapter we trace the rise of Constantine, his 
reunion of the Empire, his conversion to Christianity, the 
political side of the Nicene Council, and the foundation of 
Constantinople. Then follows Dr Reid’s account of the 
reforms of Diocletian and Constantine, which fixed for centuries 
the general outline of the administration. After this Mr 
Norman Baynes takes up the struggle with Persia under 
Constantius and Julian, and continues in a later chapter the 
story of the wars of Rome in East and West in the times. of 
Valentinian and Theodosius. The victory of Christianity is 
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treated by Principal Lindsay ; and he describes also the rival 
systems of Neoplatonism and Mithraism, and gives an account 
of Julian’s reaction and the last struggles of heathenism. 
The next chapter is devoted to Arianism. First the doctrine 
is described, in itself and in some of its relations to modern 
thought; then the religious side of the Nicene Council is 
given, and the complicated history of the reaction is traced 
down to the decisive overthrow of Arianism in the Empire 
by Theodosius. After this Mr C. H. Turner describes the 
organisation of the Church—clergy, creeds and worship— 
looking back to the beginning, but chiefly concerned with its 
development in the age of the great Councils. 

We now pass to the Teutons. Dr Martin Bang begins 
in prehistoric times, describing their migrations and their 
conquests westward and southward till the legions brought 
them to a stand on the Rhine and the Danube, and their 
long struggle of four centuries to break through the Roman 
frontier before the battle of Hadrianople settled them inside 
the Danube. Then Dr Manitius carries down the story 
through the administrations of Theodosius and Stilicho to 
the great collapse—the passing of the Rhine, the overrunning 
of Gaul and Spain, the Roman mutiny at Pavia, and the sack 
of Rome by Alaric. After this the great Teutonic peoples 
have to be dealt with severally. Dr Ludwig Schmidt begins 
with the settlement of the Visigoths in Gaul, traces the growth 
and culmination of their kingdom of Toulouse, and ends with 
their expulsion from Aquitaine by Clovis. Professor Pfister 
gives the early history of the Franks; but they are still a 
feeble folk when he leaves them, for the conquests of Clovis 
belong to another volume. Then Dr Schmidt tells the little 
that is known of the Sueves and Alans in Spain, and more 
fully describes the history and institutions of the Vandal 
kingdom in Africa to its destruction by Belisarius. 

Our next chapter differs from the rest in containing very 
little history. It is Dr Peisker’s account of Central Asia and 
the Altaian mounted nomads. It is given as a general, and 
much needed, introduction to the chapters on the Huns, the 
Avars, the Turks, and the rest of the Asiatic hordes who 
devastated Europe in the middle ages. To this is attached 
Dr Schmidt's short account of the Huns and Attila. We 
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next turn to our own country. Professor Haverfield describes 
the conquest and organisation of Roman Britain, and the 
decline and fall of the Roman power in the island, while 
Mr Beck deals with the English in their continental home, 
and tells the story of their settlement in Britain from the 
English side. After this Mr Barker records the last struggles 
of the Western Empire—the loyalty of Gaul and the dis- 
affection of Africa—under Aétius and Majorian, concluding 
with the barbarian mutiny at Pavia which overthrew the last 
Augustus of the West. Then M. Maurice Dumoulin continues 
the history of Italy under the barbarian rule of Odovacar and 
Theodoric, describing the great king’s policy, and shewing 
how he kept in check for awhile the feud of Roman and 
barbarian which had wrecked the Western Empire. Turning 
now to the Eastern provinces, the fifth century, which falls 
to Mr Brooks, is upon the whole a prosaic period of second- 
rate rulers and dire financial strain. Yet even here we have 
striking events, remarkable characters, and important move- 
ments—the fall of Rufinus and the failure of Gainas ; 
Pulcheria ruling the Empire as a girl of sixteen, the romance 
of Athenais, and the catastrophe of Basiliscus; the Isaurian 
policy of Leo, and the reforms of Anastasius. Then Miss 
Alice Gardner traces the history of religious disunion in the 
East. The fall of Chrysostom brought to the front the 
rivalry of Constantinople and Alexandria, the defeat of 
Nestorianism at Ephesus and of Monophysitism at Chalcedon 
fixed the lines of orthodoxy, but left Egypt and Syria heterodox 
and disaffected, and the reconciling Henoticon of Zeno pro- 
duced nothing but a new schism. In the next chapter Dom 
Butler traces the growth of monasticism and its various forms 
in East and West, including the Benedictine rule and the 
Irish monks. After this Professor Vinogradoff surveys the 
whole field of social and economic conditions in the declining 
Empire, and shews the part which rotten economics and bad 
taxation played in its destruction. Then Mr H. F. Stewart 
gives his account of the heathen and Christian literature of 
the time, and of the various lines of thought which seem to 
converge upon the grand figure of Augustine. The volume 
concludes with Mr Lethaby’s account of the beginnings and 
early development of Christian art. 
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The Constitution and Finance of English, Scottish, 
and Irish Joint-Stock Companies to 1720. By 
William Robert Scott, M.A., D.Phil., Litt.D., Lecturer 
an Polwtual Economy in the University of St Andrews. 
Volume Ill, Water Supply, Postal, Street-lighting, 
Manufacturing, Banking, Finance, and Insurance Com- 
panes ; also Statements Relating to the Crown Finances. 


Royal 8vo. pp. xvi+564. With a facsimile and a chart. Price 18s. net. 


Extract from the Preface 


This volume completes Part II of the constitutional and 
financial history of British joint-stock companies to 1720. 
In its subject-matter it is differentiated from the second 
volume, in so far as in the latter most of the undertakings 
described were related to the shipping industry, whereas 
those now dealt with were mainly concerned with commerce 
at home. 

Perhaps the addition of the concluding division, which 
treats of the Crown finances at certain periods, requires some 
explanation. In this and the second volume references have 
been necessary to the state of the credit of the Crown ; and, 
owing to the comparative treatment aimed at in Part I, it 
was essential to allude frequently to these and similar topics. 
It is unfortunate that there is no modern history of the 
Revenue, and therefore it became necessary to provide certain 
illustrative statements of it, which, under the various qualifi- 
cations mentioned in Division xv, would bridge the gap to 
some extent. But to have entered on such discussions in 
detail in Part I would have been out of place, and hence 
comparatively full tabular statements have been provided in 
this volume, so that reference from Part I (Vol. 1) to these 
may be as easy as possible to the reader. 

In the case of companies which still exist, 1 am indebted 
to the officials for information in several directions. The 
following accounts of such bodies have been read either in 
MS or in proof by members of the directorate or of the staff 
who have devoted special attention to the early history of 
the institutions with which they are connected. In this way, 
it is to be hoped that accuracy on many minor points has 
been secured. 








The Cambridge Modern History. Volume XIII, 
Genealogical Tables and Lists and General 
Index. Planned by the late Lord Acton, LL.D., 
Regius Professor of Modern Hustory. Edited by 
A. W. Ward, Litt.D., G. W. Prothero, Litt.D., and 
Stanley Leathes, M.A. 


Royal 8vo. pp. xii+644. Price 16s. net. 


The series of Zadb/es and Lists supplied in this volume 
consists, in the first instance, of Genealogical Tables of the 
sovereign families of European and certain other countries, 
together with Lzs¢s of elected potentates, within the period 
treated in Zhe Cambridge Modern History. ‘To these are 
added Genealogical Tables of certain noble houses, with Lzs¢s 
of chief ministers of great States, and of governors of important 
dependencies and colonies, within the same period. Finally, 
Lists are given of English, and British, Parliaments and of 
Imperial Diets, together with one or two lists of a special 
kind adverted to below. 

These Zadles and Lists are primarily intended as aids in 
the use of Zhe Cambridge Modern Hirstory ; and no pretence 
is made that every one of them is complete in itself. It is, 
however, hoped that they will be found to supply the information 
likely to be required by a large proportion of students of 
modern history, and that no personage of any historical 
importance has been passed by in the table or list where his 
or her name ought to find a place. The Zadles and Lists 
should throughout be used in conjunction with the General 
Index. 

Among the Genealogical Tables are included those of 
various families which were prominent in European Succession 
questions, or took a leading part in the civil and religious 
wars of the sixteenth and seventeenth centuries. Room has 
been found for Zadées of certain other families of which 
various members are not easily identifiable in the usual books 
of reference. Thus, several notable Irish clans are given. 
On the other hand, it has not’ been thought necessary to 
include Zadé/es of well known houses in the English and the 
Scottish nobility, which may be traced without difficulty in 
peerages or other handbooks. The Howard, Douglas, and 
Campbell families have, however, been exceptionally introduced, 
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n order to draw attention to their political alliances; and, 
on much the same grounds, certain of the great ministerial 
families of the sixteenth and eighteenth centuries have been 
included. The Reding Zad/e, which has been placed by 
the side of that of the De Retz family for the sake of con- 
venience only, is intended to show a connexion not usually 
noticed. 

As to order of sequence, the Zadées and Lists have, so 
far as possible, been arranged under the heads of the countries 
to which they severally relate, beginning in each division 
with the British Empire. Here, the governors of the more 
important colonies only are given, the lists beginning 
ordinarily from the date when representative or responsible 
ministerial government was first set on foot in the several 
colonies, 

In the case of the German Genealogical Tables selection 
has not been easy, owing to the large number of sovereign 
families; so far as possible, preference has been given to 
those of which prominent members are mentioned in the 
History. The Spanish Zadles likewise required much 
compression, owing to the exigencies of space. The identi- 
fication of individuals is peculiarly difficult here, occasionally 
in consequence of a form of Spanish pride, which showed 
itself in the systematic suppression, in family genealogies, 
of members of the family who had “disgraced” it. 

The General Index, which has been for some time in 
preparation, contains an Index, as complete as possible, of 
personal and place names occurring in the twelve successive 
volumes of the Cambridge Modern History, the separate 
Indexes to which have been carefully re-examined, together 
with summary sequences of the most important events and 
transactions connected with these names. Entered under 
the names of the principal countries will be found all the 
main references to these in the course of the work. Besides 
the personal and place names, the Index contains certain 
selected subject headings, intended to furnish additional 
guidance to the contents of the several volumes. The 
General Index will thus supply students with facilities of 
reference extending over an area such as is not at present 
covered by any other English historical work. 
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The Journal of George Fox. FLdited from the MSS 
by Norman Penney, F.S.A. Wath an Introduction by 
T. Edmund Harvey, M.A., Member of Parliament for 
West Leeds. In two volumes. 


Royal 8vo. pp. Vol. 1, xlii+470; Vol. 11, vili+530. Price 215s. net the two vols. 


Extract from the Preface 


This edition of Zhe Journal of George Fox differs from 
all its predecessors in that it is printed, verd. et “t., from the 
original manuscripts, whilst the first edition, which has been 
followed in all subsequent ones, was much edited and altered, 
though based upon the same manuscripts. 

Permission to print the manuscripts was readily granted by 
the owner, Robert Spence, of London and North Shields, and 
students of history will find themselves under great obligation 
to him and to the Syndics of the Cambridge University Press, 
for making possible the publication of this Quaker classic in 
its original form. 

The manuscripts were transcribed for the press by 
J. Guthlac Birch, of London. The printer’s proofs have been 
checked by me with the originals and a few textual notes 
have been added. It is hoped, therefore, that an accurate 
representation is now before the reader....... The notes to be 
found at the close of each volume are the result of a con- 
siderable amount of research into many obscure and hitherto 
unpublished sources. 


Extract from the Introduction 


To this meeting [of the Quaker ministers and elders] 
naturally fell the important task of editing for the press the 
numerous papers which George Fox left behind him, many 
of which he had expressly desired should be published, and 
chief among them the “ Great Jornall” which he had prepared 
with the object of giving a faithful record of his public ministry 
and religious experience. 

There can be little doubt that the ‘quiet years from 1675 
to 1677 which he spent at Swarthmore Hall were largely 
utilised for gathering together scattered manuscripts, and for 
completing up to date this unique religious autobiography, 
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JOURNAL OF GEORGE FOX—CONTINUED 


which is supposed to have been begun during his last long 
imprisonment in Worcester Jail in 1673-74, when his son-in- 
law and fellow prisoner Thomas Lower acted as his scribe. 
The fact that full notes of Fox’s two trials at Lancaster, 
based on verbatim reports, occur in the /ourna/, corroborates 
the view that it was compiled in its present form at Swarth- 
more Hall. 

The tradition that the /ourna/ was originally dictated in 
Worcester Jail is supported by the large number of documents 
relative to George Fox’s trial and imprisonment there which 
are included in the original Manuscript. 

It must not be supposed that the Journal as we know it 
from previous printed editions was prepared without much 
forethought, and extant records show how great was the care 
taken in its first publication. 

The manuscript now reproduced for the first time in its 
entirety through the action of the authorities of the Cambridge 
University Press was doubtless regarded by George Fox 
rather as the rough material than the final form of the work 
to be printed after his death, but we cannot but be grateful 
that through the liberality of the Syndics and the loving care 
of its present editor it is possible for the reader to possess an 
exact transcript of the original work, with all its errors 
uncorrected. We are able thus to form an estimate of the 
character of George Fox and of the history of the Society of 
Friends during his lifetime which no incomplete edition would 
give us. Especial importance attaches to the light thrown on 
the earlier years of the Quaker movement by the new material 
now published for the first time. 

The /ournal was never intended to be an autobiography 
in the full sense of the word. Yet if the picture which the 
Journal gives is necessarily incomplete, it is more living and 
convincing than many a fuller portrait of themselves which 
other writers have left. As we read its pages there stands 
out clearly before us the great, strong personality of its writer, 
with all his shrewdness and simplicity, his untiring devotion 
to his message and his power of passing it on to others. The 
prophet’s fire, the wise man’s counsel, stirring records of 
hardships bravely borne, quaint and homely touches of human 
kindness, all are here. 
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Educational Charters and Documents 598 to 1909. 
By Arthur F. Leach, formerly Fellow of All Souls 


College, Oxford. 


Crown 8vo. pp. liv+582. Price tos. net. 


Extract from the Introduction 


This book aims at doing, so far as the scantier space 
allows, for the educational history of England what Bishop 
Stubbs’ Sedect Charters did for its constitutional history. It 
sets out the text of the salient documents relating to the 
origin and development of educational institutions. 

Educational charters, being largely both legal and ecclesi- 
astical, tend to combine the prolixity of the preacher with the 
verbosity of the conveyancer. Hence, few of them can be 
presented at full length. As the chief object of the work is 
to show the origins of educational institutions, which are in 
many cases centuries earlier than hitherto supposed, the earlier 
bulk much more largely than the later documents. 

In nothing, not even in religion, has the innate con- 
servatism of the human race been more marked than in 
education. It is hardly an exaggeration to say that the 
subjects and the methods of education remained the same 
from the days of Quintilian to the days of Arnold, from 
the first century to the mid-nineteenth century of the 
Christian era. 

The history of English education begins with the coming 
of Christianity. But the education introduced by Augustine 
of Canterbury was identical in means and methods with that 
of Augustine of Hippo. The conversion of the English 
caused the establishment in Canterbury of a school on the 
model of the Grammar and Rhetoric Schools of Rome, 
themselves the reproduction of the Grammar and Rhetoric 
Schools of Alexandria and of Athens. 

This is brought home to us by the first document in the 
text, an extract from Bede’s Fcclestastical History. It relates 
how in a year, fixed to 631, Sigebert, King of the East 
English, with the assistance of bishop Felix, who came from 
Canterbury, provided masters and ushers after the Canterbury 
(or Kentish) fashion, and set up a school in which boys might 
be taught grammar. 
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Dr John Walker and The Sufferings of the Clergy. 
By G. B. Tatham, M.A., Fellow of Trinity College, 
Cambridge. The Prince Consort Prize 1910. 


Cambridge Historical Essays. Crown 8vo. pp. viii+430. Price 6s. 


Extract from the Preface 


Walker's Sufferings of the Clergy is little known nowadays, 
and it is probable that of those who are aware of its existence 
few have had the curiosity to peruse its contents. For the 
student of the Civil War period, however, it has a considerable 
interest. It contains a class of information which is not easily 
found elsewhere, and for an account of the events of the time 
as they affected individual localities or parishes and, even 
more, for an account of the clergy themselves, it may still 
serve as a valuable foundation....... I have attempted to give 
an account of the circumstances in which the Sufferzngs of the 
Clergy was written, the materials of which the author was 
able to avail himself, and the manner in which he used them. 


The Theory of Religious Liberty in the Reigns of 
Charles II and James II. By H. F. Russell 
Smith, B.A., St John’s College, Cambridge. Thirlwall 
Dissertation 1911. 


Cambridge Historical Essays. Crown 8vo. pp. viiit144. Price 4s. 


Extract from the Preface 


The period with which I have dealt, suggesting, as it 
does, the Clarendon Code, the Test Acts, and the Exclusion 
Bills, is not generally associated with the spirit of tolerance. 
I have tried to show that, in spite of the contradictory trend 
of legislation, there was a definite theory of religious liberty, 
which was asserted from their own points of view by the 
Nonconformists, the Rational Theologians, and the Whigs. 
Although it may be true that toleration was given largely 
from empirical motives, the work of those who prepared the 
way by forming and popularising the theory must not be 
underestimated. [| have therefore treated toleration on its 
theoretical side, introducing other aspects only so far as they 
contributed to the formation of the political theory. 
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The Cambridge Bible for Schools and Colleges. 
General editors:—for the Old Testament and Apocrypha, 
A. F. Kirkpatrick, D.D., Dean of Ely; for the New 
Testament, R. St John Parry, B.D., Fellow of Trinity 
College. 


Extra fcap. 8vo. With introductions, notes, and maps. 


An Introduction to the Pentateuch. By A. T. Chapman, M.A., 
Emmanuel College, Cambridge. pp. xx+340. Price 
3s. 6d. net. 


The aim of this Introduction is to give a general account 
of the critical problems which concern the Hexateuch as a 
whole, with a view to a more complete treatment than would 
otherwise be possible, and in order to avoid repetitions in the 
Introductions to the separate books. 


The Book of Exodus. The Revised Version. With an intro- 
duction and notes by S. R. Driver, D.D., Regius Professor 
of Hebrew. pp. lexxit+444. Price 3s. 6d. net. 


The Book of Numbers. The Revised Version. With an 
introduction and notes by A. H. M°Neile, D.D., 
Fellow and Dean of Sidney Sussex College, Cambridge. 
Dp. xxviit+196. Price 2s. 6d. net. 


The Smaller Cambridge Bible for Schools. Revised 
and enlarged edition. General editors :—for the 
Old Testament, A. W. Streane, D.D.; for the New 
Testament, R. Appleton, M.A., late Master of Selwyn 
College. 


Small feap. 8vo. With introductions, notes, and maps. Price ts. net each. 


The First Book of the Kings. Edited by T. H. Hennessy, 
M.A., Dean and Lecturer of Selwyn College, Cambridge. 


Pp. 184. 


The First Book of Samuel. Edited by A. F. Kirkpatrick, 
D.D., Dean of Ely. pp. 180. 


The Second Book of Samuel. Edited by A. F. Kirkpatrick, 
D.D., Dean of Ely. pp. 176. 
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The Revised Version Edited for the Use of Schools. 
General editors :—for the Old Testament, A. H. M‘Nevle, 
D.D.; for the New Testament, Arthur Carr, M.A. 


Fcap. 8vo. With introductions, notes, and maps. Price 1s. 6d. net each, 


The Epistles of Paul the Apostle to the Thessalonians, 
Timothy, and Titus. Edited by H. W. Fulford, M.A., 
Fellow of Clare College, Cambridge, Rector of Datchworth, 
Flerts. pp. vitt+ 136. 


The General Epistle of James and the Epistle of Paul the 
Apostle to the Hebrews. Edited by Arthur Carr, M.A.., 
Vicar of Addington, Surrey, formerly Fellow of Oriel 
College, Oxford. pp. vitt+ 148. 


Horae Semiticae Nos. V, VI, and VII. The Com- 
mentaries of Isho’'dad of Merv, Bishop of 
Hadatha (c. 850 A.D.). ln Syriac and English. 
Edited and translated by Margaret Dunlop Gibson, 
Hon. D.D. (Heidelberg), LL.D. (St Andrews), M.R.A.S. 
In three volumes. With an introduction by James Rendel 
Harris, M.A. Volume I, Translation. Volume //, 
Matthew and Mark in Syriac. Volume III, Luke and 
John in Syriac. 


Crown 4to. Paper covers. Vol. I. pp. xxxvili+290. Price 6s. net. Vol. II. 
pp. vi+238, with a plate. Price ros. 6d. net. Vol. Ill. pp. vii+230, with 
a plate. Price tos. 6d. net. 


Extract from the Preface 


All we know of Isho’dad is that he was a native of Merv, 
and became Bishop of Hadatha in Assyria, being much 
admired for his erudition, wisdom, and splendid personal 
appearance....... He wrote Commentaries on most of the 
books of both Testaments. Assemani expressly mentions 
the Pentateuch, Joshua, Judges, Ruth, Samuel, David (the 
Psalms), Proverbs, Ecclesiastes, Canticles, and Job, all of 
which books were supposed by the Syrians to have been 
translated into their language in the time of Solomon, at the 
request of his friend Hiram king of Tyre. 
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The Cambridge History of English Literature. 
Volume VII, Cavalier and Puritan. Ldited by 
A. W. Ward, Lit.D., F.B.A., Master of Peterhouse, 
and A. R. Waller, M.A., Peterhouse. 


Royal 8vo. pp. x+554. Price, in buckram gs. net, in half-morocco 15s. net. 


CONTENTS 


Cavalier Lyrists. By F. W. Moorman, B.A. (Lond.), Ph.D. (Strassburg), 
Assistant Professor of English Language and Literature in the University 
of Leeds. 


The Sacred Poets. By the Rev. F. E. Hutchinson, M.A., Trinity College, 
Oxford, Chaplain of King’s College. 


Writers of the Couplet. By A. Hamilton Thompson, M.A., St John’s College. 


Lesser Caroline Poets. By George Saintsbury, M.A., Merton College, Oxford, 
LL.D., D.Litt., Professor of Rhetoric and English Literature in the 
University of Edinburgh. 

Milton. By George Saintsbury, M.A. 

Caroline Divines. By the Rev. W. H. Hutton, B.D., St John’s College, 
Oxford. 

John Bunyan, Andrew Marvell. By the Rev. John Brown, D.D. 


Historical and Political Writings. I. State Papers and Letters. By A. W. 
Ward, Litt.D., F.B.A., Master of Peterhouse. 


Historical and Political Writings. II. Histories and Memoirs. By A. W. 
Ward, Litt.D., F.B.A. 

Antiquaries. Sir Thomas Browne, Thomas Fuller, Izaak Walton, Sir Thomas 
Urquhart. By George Saintsbury, M.A. 

Jacobean and Caroline Criticism. By J. E. Spingarn, Professor of Compara- 
tive Literature, Columbia University, New York. 


Hobbes and Contemporary Philosophy. By W. R. Sorley, Litt.D., LL.D., 
F.B.A., Fellow of King’s College, Knightbridge Professor of Moral 
Philosophy. 

Scholars and Scholarship, 1600-60. By Foster Watson, M.A., Professor of 
Education in the University College of Wales, Aberystwyth. 

English Grammar Schools. By J. Bass Mullinger, M.A., formerly Librarian 
of St John’s College. 

The Beginnings of English Journalism. By J. B. Williams. 

The Advent of Modern Thought in Popular Literature. The Witch Contro- 
versy, Pamphleteers. By Harold V. Routh, M.A., Peterhouse, Professor 
of Latin, Trinity College, Toronto. 


Bibliographies, Table of Principal Dates. Index of Names. 
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CAMBRIDGE HISTORY OF ENGLISH LITERATURE—CONTD 


PRESS NOTICES 


Athenaeum. This volume is unusually valuable, commended alike by the 
ability of its individual contributors, and, still more, the novelty and 
completeness of the plan which underlies it. The difficulties of the 
system are obvious...... but the scheme has resulted in a number of 
important chapters new to histories of English literature. 


Standard. The latest volume of the Cambridge History of English Literature 
worthily sustains the promise of its predecessors. The University Press 
is to be congratulated on so capable and scholarly an achievement, and 
there is no reason to doubt that the work in its completed form will prove 
a permanent and valuable edition of books of reference to which scholars 
turn, not only for great movements of literary thought in England, but 
for obscure problems more or less closely associated with the growth of 
letters. 


Daily Telegraph. ‘This new volume but further strengthens the high opinion 
which we had formed from earlier instalments of the Cambridge History 
of English Literature, and makes us realise anew that it is at once one of 
the best and most valuable of co-operative undertakings of the kind. 


Manchester Courier. Few periods of our literature are more interesting than 
that now reached by the Cambridge editors of this monumental history. 
sonia The catholicity of the early volumes is again shown, authorities from 
all points of the compass being made use of, and the bibliography, index 
of dates, and index of names are, as usual, beyond praise. The history 
is a congress of the world’s ablest critics, and its volumes are a treasury 
of research, of sane and helpful criticism, and of varied but always in- 
teresting writing. 


Yorkshire Post. An unprecedented range and variety marks the seventh 
volume of Zhe Cambridge History of English Literature....... The volume 
reflects the spirit of an age which was not only full of faction and 
controversy, but, in spite of itself, was moving forward in the way of 
a larger and more comprehensive civilisation. The various features of 
the period have been treated by a division of labour planned on generous 
lines. 


Aberdeen Free Press. Each succeeding volume of the Cambridge History 
only deepens our admiration for this skilfully-planned and ably-executed 
work. Its collaborative method, which was at first the subject of some 
adverse criticism, has long ceased to awaken either misgiving or regret. 
It is recognised that without the assistance of many hands an undertaking 
like this was impossible, and it is felt that the masterly manner in which 
every part of the subject has been treated more than atones for any lack 
of uniformity in the style....... A volume like the present hardly admits 
of ordinary criticism in a brief review. It is sufficient to state that it 
provides an adequate, readable, and entirely trustworthy survey. of the 
literary influences and achievements of the early and middle seventeenth 
century. As usual an elaborate and invaluable bibliography is appended 
to the volume, and there is an exhaustive index of names and subjects. 
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Principles of Biography. The Leslie Stephen Lecture 
delivered in the Senate House, Cambridge, on 13 May 
1911. By Sir Sidney Lee, Hon. D.Litt., Oxford. 


Crown 8vo. pp. iv+54. Price Is. 6d. net. 


Extract 


I propose to deal broadly with a very familiar ambition— 
the ambition to record in written words, on the printed page, 
the career of a man or woman. My design is to consider in 
the first place the essential quality of the theme which justly 
merits biographic effort, and in the second place to discuss . 
the methods of presentment which are likely to serve the true 
purpose of biography to best effect. 


Westminster Gazette. In the lecture we find a conception of the ideal 
biography, not confined by any rigid canon, but displayed on the broad 
lines indicated by the title. The effect upon the mind is that which, no 
doubt, the lecturer originally designed to produce. We realise that the 
writing of biography is an exceedingly difficult art, but one that repays 
study ; that biography is a true and lasting literary form, and, at its best, 
must rank among the greatest....... We put down this well-filled little 
volume of fifty-four small pages of large type, feeling that we have grasped 
the main potentialities and uses of biography. 


Daily Telegraph. The book should be welcomed alike by those who write 
biography and those who delight in reading it as one of the most 
fascinating branches of literature....... Sir Sidney Lee’s little book may be 
commended to the notice of all interested—and who is not?—in the 
subject of biography. 

Birmingham Daity Post. Sir Sidney Lee could not well have made a more 
fitting choice of subject....... No living man of letters has a clearer right 
to speak on the principles of a literary form in which it is fatally easy to 
eee He sets out in a few pages a guide to the art as full as it is 
admirably lucid....... The lecture in any case makes a very pleasant half- 
hour’s reading, and has a dignity of style that does grace to the occasion. 


British Weekly. A better subject there could not be, nor a lecturer more fit 
to handle it. Sir Sidney Lee was the colleague of Leslie Stephen in the 
Great Dictionary of National Biography....... It was Sir Sidney Lee who 
carried the gigantic task to its completion when Stephen’s health failed 
him. There is not a problem connected with biography which Sir Sidney 
Lee has not been compelled to face over and over again....... Every 
sentence tells. There is no waste anywhere. Within the compass of an 
hour’s lecture Sir Sidney Lee has stated and exemplified the main 
principles of biography......: It will be allowed by worthy readers that Sir 
Sidney Lee more than justified his appointment to deliver the lecture, 
and that he has made a contribution of permanent value to the great 
subject he has chosen, 
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The Vitality of Platonism and other Essays. By 
James Adam, late Fellow and Senior Tutor of Emmanuel 
Cotlege, Cambridge. Edited by his wife Adela Marion 
Adam. 


Demy 8vo. pp. viilit+242. Price 7s. 6d. net. 


CONTENTS 


The Vitality of Platonism. 

The Divine Origin of the Soul. 

The Doctrine of the Logos in Heraclitus. 

The Hymn of Cleanthes. 

Ancient Greek Views of Suffering and Evil. 

The Moral and Intellectual Value of Classical Education. 


Athenaeum. In the first essay, Zhe Vitality of Platonism, and in the last, 
The Moral and Intellectual Value of Classical Education, will be found 
eloquent and earnest pleas for the study of the classics, and particularly 
of Plato, as an indispensable element in a liberal education : apologies 
for ‘classical’ education so sane and convincing deserve to be read and 
marked by all who are interested in this keenly debated question. The 
other essays are of a more special character. That on Zhe Divine Origin 
of the Soul discusses, in a learned yet interesting manner, the part played 
by the idea of the soul’s divinity in ancient Greek thought....... The next 
essay, which deals with Zhe Doctrine of the Logos in Heraclitus, although 
one of the shortest, is perhaps the most valuable of all as a contribution 
to exact knowledge....... The essay on Zhe Hymn of Cleanthes is the 
longest of the series: it contains a fine rendering in English verse 
together with an elaborate analysis of the Hymn, in which the Stoic 
doctrines are amply illustrated from both ancient and modern literature. 
The volume, indeed, is full throughout of the erudition of a scholar 
steeped in the culture of the ancient world ; but what strikes us still more 
as we read it is the ardour of the spirit it breathes, the quality which 
above all others made James Adam the inspiring and the inspired teacher 
he was....... With its learning, enthusiasm, and fine handling of lofty 
themes, this volume is, in a word, worthy of its author. 


Aberdeen Free Press. We eagerly welcome this volume so gracefully and 
competently edited by Mrs Adam. The essays themselves are of abiding 
VEIBE. 020000 Each of these essays deserves study. If we take the last first, 
of it we may say that it ought to be studied, weighed, pondered over 
by all true lovers of their country, and by all interested in the welfare 
of humanity. It is a plea for classical education of a very high 
ee We are grateful to the author for insight into many things, 
and especially the fact that he has disturbed us with the presence of 
elevated thoughts. In these essays there is food for meditation for 
many days. 
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The Philosophical Works of Descartes. Rendered 
into English by Elizabeth S. Haldane, LL.D., and 
G. R. T. Ross, M.A., D.Phil. In two volumes. 


Volume I. Demy 8vo. pp. x+452. Price tos. 6d. net. 


Extract from the Preface 


The aim of this edition is to present to English readers 
all the philosophical works of Descartes which were originally 
intended for publication. More than one valuable translation 
of the treatises which give a general view of Descartes’ system 
has already appeared. But certain others which are quite 
indispensable for a thorough comprehension of his views have 
not yet been made accessible to English readers. The chief 
of these are probably the Rules for the Direction of the 
Understanding and the Passions of the Soud....... In the 
Passtons we find the full exposition of Descartes’ theory that 
mental and physiological phenomena may be explained by 
simple mechanical processes. It was a completely new 
departure to state that such matters were capable of being 
interpreted thus, and one that has had a fundamental influence 
on the psychology and physiology of the present time. 

It is also most important to mark the result of Descartes’ 
speculations on contemporary thought; and the complete 
translation now presented of the Odvectzons directed against 
the Medztatzons, published together with Descartes’ replies 
thereto, in the second volume, will enable the English reader 
to realize the novelty of the Cartesian doctrine, and the 
enormous effect it had upon European thought at the time. 
He will further be able to judge better of the success of 
Descartes’ attempts to extricate himself from the difficulties 
which his philosophy undoubtedly contains. 

The works translated here are the Rudes, the Method, the 
Meditations, with the Odjectzons and Replies, part of the 
Principles, the Search after Truth, the Passions, and the 
Notes. 

The translators have used the new and complete edition 
of Descartes’ Works which has been prepared by M. Adam 
and the late M. Tannery. 
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The Realm of Ends or Pluralism and Theism. 
The Gifford Lectures delivered in the University of St 
Andrews in the years 1907-10. By James Ward, Sc.D., 
F.B.A., Professor of Mental Philosophy. 


Demy 8vo. pp. xvi+49I. Price 12s. 6d. net. 


Extract from the Preface 


These lectures are intended to serve as a sequel to the 
course delivered in the University of Aberdeen some ten 
years previously. If at that time I had foreseen that I should 
presently be favoured with the opportunity to lecture on the 
Realm of Ends or Pluralism and Thetsm \ might well have 
entitled the earlier lectures the Realm of Nature or Naturalism 
and Agnosticism. There my endeavour was to establish the 
priority of the idealistic, or—as it seems clearer to say—the 
Spiritualistic standpoint, and here I have tried to ascertain 
what we can know or reasonably believe concerning the 
constitution of the world zxterpreted throughout and strictly 
in terms of Mind. 

At the outset this world immediately confronts us not as 
one Mind nor even as the manifestation of one but as an 
objective whole in which we discern many minds in mutual 
interaction. It is from this pluralistic standpoint that our 
experience has in fact developed and it is here that we 
acquire the ideas that eventually lead us beyond it. For 
pluralism, though empirically warranted, we find defective 
and unsatisfactory: but the theism to which it points is only 
an ideal—an ideal however that, as both theoretically and 
practically rational, may claim our faith though it transcends 
our knowledge. Such is a meagre outline of the present 
lectures. 


CONTENTS 


Introductory. The One and the Many. Pluralism. The Contingency 
in the World. Evolution as Epigenesis and Equilibration. The Pluralistic 
Goal. The Pluralism of Hegel. The Hegelian Unity. The Limits of 
Pluralism. Difficulties in Pluralism. The Idea of Creation. The Cosmology 
of Theism. Freedom. Freedom and Foreknowledge. The Problem of Evil 
and Pessimism. The Problem of Evil and Optimism. Moral Evil and 
Moral Order. Theories of a Future Life. Faith and Knowledge. The 
Realm of Ends. 


21 








A New Law of Thought and its Logical Bearings. 
By E. E. Constance Jones, Author of ‘A Primer of 
Logi. With a Preface by Professor Stout. 


Girton College Studies, No. 4. Crown 8vo. pp. x+76. Price 2s. net. 


Extract from the Preface 


Two of the three fundamental Laws of Thought, which 
are traditionally regarded as the cardinal principles of Formal 
Logic, are concerned with the relation of propositions to each 
other. According to the Law of Contradiction, two proposi- 
tions of the form ‘4 zs B” and “A zs not B” cannot both 
be true. According to the Law of Excluded Middle, they 
cannot both be false. Now it is clear that if there is another 
principle which expresses the fundamental condition of the 
possibility of any proposition taken by itself, without reference 
to others, this also must be regarded as a fundamental Law 
of Thought, and as being logically prior to the Laws of 
Contradiction and Excluded Middle. It is the aim of 
Miss Jones in the following pages to show that there is 
such a Law, and to exhibit in detail its vital importance in 
the treatment of the whole range of topics with which Formal 
Logic deals. 


Some Problems of Geodynamics. The Adams Prize 
Essay 1911. By A. £. H. Love, M.A., D.Sc., F.R.S. 


Large Royal 8vo. pp. xxvilit+180. Price 12s. net. 


CONTENTS 
Abstract. 
The Distribution of Land and Water. 
The Problem of the Isostatic Support of the Continents. 
The Problem of the Isostatic Support of the Mountains. 
General Theory of Earth Tides. 
Effect of Inertia on Earth Tides. 
Effect of the Spheroidal Figure of the Earth on Earth Tides. 
General Theory of a Gravitating Compressible Planet. 
Effect of Compressibility on Earth Tides. 
The Problem of Gravitational Instability. 
Vibrations of a Gravitating Compressible Planet. 
Theory of the Propagation of Seismic Waves. 
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The Steam Turbine. The Rede Lecture 1911. By Sir 
Charles A. Parsons, K.C.B. 


Crown 8vo, pp. vi+58. With 51 illustrations and text-figures. 
Price 15. 6d. net. 


Extract 


The subject of our lecture to-day is the Steam Turbine, 
and it may be interesting to mention that the work was 
initially commenced because calculation showed that, from 
the known data, a successful steam turbine ought to be 
capable of construction. The practical development of this 
engine was thus commenced chiefly on the basis of the 
data of physicists....... I' would venture to predict that the 
use of the land and marine turbine will steadily increase, 
and that the improvements that are being made to still 
further increase its economy will for a long time enable the 
turbine to maintain its present leading position as a prime 
mover. 


Observations upon the Natural History of Epi- 
demic Diarrhoea. By O. H. Peters, M.D., D.P.H. 


Royal 8vo. pp. iv+178. Price 7s. net. 
Extract from the Introduction 


The following observations upon the Natural History of 
Epidemic Diarrhoea were made in Mansfield during the summer 
and autumn of 1908....... The two areas thus systematically 
studied had a combined population of more than 2000, living in 
413 houses. Of these houses 391 were each visited on several 
occasions during the season of 1908, from May to November, 
and 390 separate attacks of epidemic diarrhoea were recorded. 
Full details were obtained as to dates of attack, age incidence 
and age constitution of the population, milk-supply, sanitary 
arrangements, proximity to stables, and fly nuisance. Infor- 
mation as to meteorological and other relevant matters was 
also obtained. 

The special value of this mass of raw material lies in the 
fact that it represents, not a record of scattered and unrelated 
cases, but a complete and consecutive account of all diarrhoeal 
attacks occurring in a large area and throughout the course of 
the whole epidemic season. 


to 
&e 








A Text-Book of Experimental Psychology. With 
Laboratory Exercises. By Charles S. Myers, M.A., 
M.D., Sc.D., of Gonville and Caius College, University 
Lecturer in Experimental Psychology, Cambridge. Second 
edition. In two volumes. 


Demy 8vo. Vol. 1, Part 1. Text-book. pp. xiv+344; with a plate and 24 figures 
and diagrams. Vol. 1, Part 11. Laboratory Exercises. pp. vit+108; with 
42 figures and diagrams. Price Ios. 6d. net the two volumes. 


Preface to the Second Edition 


Various changes have been made in the present edition. 
The two parts—the text-book and the laboratory exercises— 
are now bound in separate volumes, in order to facilitate 
reference from the one to the other. A chapter dealing with 
experiment on thought and volition has been added, and the 
order of the two previous chapters has been transposed. 
The whole work has been subject to a thorough revision ; 
the modifications and additions in several chapters being 
considerable. 

I wish to record my thanks to various colleagues and friends 
for their suggestions, many of which I have gladly adopted 
in preparing this edition,—particularly to Dr W. Brown, 
Mr T. H. Pear, Prof. Carveth Read, Dr W. H. R. Rivers, 
Mr Sydney Scott, and Prof. C. Spearman. My gratitude is 
specially due to Dr H. Head, for having kindly afforded me 
the opportunity of incorporating into this edition his very 
remarkable psychological investigations which will later be 
published in the Croonzan Lectures delivered by him before 
the Royal College of Physicians last July. 


CONTENTS 


Part I. The Standpoint of Experimental Psychology. Cutaneous and 
Visceral Sensations. Auditory Sensations. Labyrinthine and Motor Sensa- 
tions. Visual Sensations. Gustatory and Olfactory Sensations. The Specific 
Energy of Sensations. Statistical Methods. Reaction Times. Memory. 
Muscular and Mental Work. The Psycho-physical Methods. Muscular 
Effort. Local Signaturé. Sensibility and Sensory Acuity. Experiences of 
Identity and Difference. Binocular Experience. Binaural Experience. The 
Visual Perception of Size and Direction. Time and Rhythm. Feeling. 
Attention. Thought and Volition. Index. Part II. Introductory Note. 
Laboratory Exercises. 
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Types of British Vegetation. By Members of the 
Central Committee for the Survey and Study of British 
Vegetatzon. Edited by A. G. Tansley, M.A., F.L.S., 
Unwersity Lecturer on Botany in the University of 
Cambridge. 


Crown 8vo: pp. xx+416. With 36 plates and 21 figures in the text. 
Price 6s. net. 


Extract from the Preface 


This book offers an account of British vegetation from a 
standpoint which has not hitherto been adopted in any general 
treatment of the plant-life of this country. An endeavour is 
made to recognise and describe the different types of plant- 
community existing in the natural vegetation of these islands, 
and to trace their relations, so far as these have been eluci- 
dated, to climate and soil, and to one another—in other words 
to present a scientific classification and a balanced picture of 
British vegetation as it exists to-day. 

The work of systematically surveying vegetation and 
recording the results on vegetation maps was begun in 
Scotland by the late Robert Smith in the closing years of 
last century, and continued by his brother, W. G. Smith, 
and various other workers. In 1904 these workers formed 
a committee...... to organise and facilitate work on these 
lines. 

The memoirs and vegetation maps published by these 
workers, of which the titles will be found in the Bibliography 
on p. 367, have formed the nucleus of the material dealt with 
in the present book, which is thus a direct outcome of the 
work of the Central Committee. Its composition would have 
been impossible but for the close co-operation secured by the 
existence of such an organisation. Since it was clearly out 
of the question for a committee as a whole actually to write 
a book, it was necessary for someone to undertake the task 
of correlating the contributions of various authors and securing 
uniformity of treatment. The editor undertook this task on 
the understanding that he should be allowed a free hand in 
editing the work of the authors, and this was in nearly every 
case most willingly accorded. The result of this loyal co- 
operation has been, it is hoped, to secure a consistent treatment 
of the whole subject. 
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British and Foreign Building Stones. A Descriptive 
Catalogue of the Specimens in the Sedgwick Museum, 
Cambridge. By John Watson. 


Crown 8vo. pp. viilit+484. Price 3s. net. 


Extract from the Introduction 


A label is affixed to the front of each specimen, bearing 
the following particulars :—1. The name by which the stone 
is best known incommerce. 2. The stratigraphical position 
of the stone, or, in the case of an igneous rock, its petrological 
designation. 3. The name and the locality of the quarry 
whence the specimen was obtained. 4. The name and 
address of the donor of the example. These details also 
appear in this catalogue, as well as particulars of the colour, 
texture, and other physical characteristics of the stone, and 
its chemical composition, so far ‘as these have been 
obtainable. 

The descriptive notes which precede the catalogue itself 
give the names of important buildings in which the stone has 
been employed, with the date of their erection, when avail- 
able, together with brief remarks on special points of interest. 
insite The chemical composition is given in those cases where 
it is known. 


Athenaeum. Although modestly termed a Catalogue, the work is much more 
than the title implies ; indeed, the ifiventory itself forms only the latter 
half of the volume, the first moiety consisting of descriptive matter under 
the designation of Notes. As these introductory notes deal briefly with 
most of the building stones of the world, and include references to original 
authorities, they form a useful guide to the student of economic geology. 


Building News. A popular poet once surveyed mankind ‘from China to 
Peru.’ Mr Watson has now done a similar good turn for the building 
stones of the same wide area. The sun never sets on the rocks catalogued 
here......./ As a condensed and classified catalogue, with scientific descrip- 
tions, of the world’s building stones, this work is unique....... We have 
over and over again pointed out in these columns that the only safe way 
for a builder to obtain a knowledge of the weathering properties of 
building stones is to examine them in the numerous buildings all over 
the country. Here he will find an infallible and never-failing guide to 
what he requires. Mr Watson’s is an interesting and useful book, and we 
have no hesitation in recommending it to those who have already a 
practical knowledge of the subject. 
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CAMBRIDGE MANUALS OF SCIENCE AND 
LITERATURE 


A new series of small volumes on scientific and literary 
subjects, under the general editorship of P. Giles, Litt.D., 
and A. C. Seward, M.A., F.R.S., which is designed to meet 
the needs of educated readers in general, who often experience 
difficulty in obtaining short books in which recent discoveries 
or modern tendencies are treated in a semi-popular and broad 
style. These volumes may be described briefly as original 
essays on particular branches of knowledge, many of which 
have not hitherto been adequately treated from the point 
of view of the general reader. A number of them are 
illustrated. 

The following volumes, price 1s. net each in cloth, 2s. 6d. 
net in lambskin, have recently been added to the series, viz. : 


The Historical Growth of the English Parish Church. By A. Hamilton 
Thompson, M.A., F.S.A. 


Aerial Locomotion. By E. H. Harper, M.A., and Allan E. Ferguson, B.Sc. 
Electricity in Locomotion. By A. G. Whyte, B.Sc. 

Links with the Past in the Plant-World. By Prof. A. C. Seward, F.R.S. 
The Wanderings of Peoples. By Dr A. C. Haddon, F.R.S. 


The Early Religious Poetry of Persia. By the Rev. Prof. J. Hope 
Moulton, D.D. 


New Zealand. By the Hon. Sir Robert Stout, K.C.M.G., LL.D., and 
J. Logan Stout, LL.B. (N. Z.). 


King Arthur in History and Legend. By Prof. W. Lewis Jones, M.A. 
Greek Tragedy. By J. T. Sheppard, M.A. 

Primitive Animals. By Geoffrey Smith, M.A. 

The Moral Life and Moral Worth. By Prof. Sorley, Litt.D., F-B.A. 
Life in the Sea. By James Johnstone, B.Sc. 


A large number of volumes are in preparation and will 
be published at short intervals. A prospectus giving full 
particulars of the series—with a list of the volumes ready and 
in preparation, and specimen pages and illustrations—will be 
sent post-free on application to The Cambridge University 
Press, Fetter Lane, London, E.C. 
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CAMBRIDGE COUNTY GEOGRAPHIES 


A series of County Geographies suitable for general use 
as hand-books to the various counties though primarily 
intended for use in schools. Each volume gives an account 
of the history, antiquities, architecture, natural history, in- 
dustries, and physical, geological, and general characteristics 
of the county, and each has two coloured maps, one physical 
and the other geological. 

The latest additions to the series are :— 


Aberdeenshire. By Alexander Mackie, M.A. 
Carnarvonshire. By J. E. Lloyd, M.A. 


The following volumes, price 1s. 6a. each, have already 
been published :-— 


Ayrshire. By J. Foster. Hertfordshire. 
Berkshire. By R. Lydekker. 
By H. W. Monckton. Huntingdonshire. 


Cambridgeshire. By Prof. By W. M. Noble. 
T. McK. Hughes and Kent. By G. F. Bosworth. 


Mary C. Hughes. Lanarkshire. By F. Mort. 
Cheshire. By T. A. Coward. Norfolk. By W. A. Dutt. 
Cornwall. Nottinghamshire. 

By S. Baring-Gould. By H. H. Swinnerton. 
Cumberland. By ].E. Marr. Somerset. By F. A. Knight. 
Derbyshire. Suffolk. By W. A. Dutt. 


by H. H. A. Bemrose. Surrey. By G. F. Bosworth. 
Devonshire. By F. A. Knight Sussex. By G. F. Bosworth. 


and Loute M. Dutton. Westmorland. 
Dorset. By A. L. Salmon. By J. £. Marr. 
Essex. By G. F. Bosworth. Wiltshire. 
Fifeshire. By E. S. Valentzne. By A. G. Bradley. 
Gloucestershire. Worcestershire. 

By H. A. Evans. By L. J. Wills. 


Volumes on the remaining counties of England, Scotland, 
and Wales, are in an active state of preparation. 

The books may be purchased from any bookseller. If any 
difficulty is experienced in obtaining them, reference should 
be made to the Cambridge University Press, Fetter Lane, 
London, E.C. 
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CAMBRIDGE HISTORICAL READERS 


An entirely new series, comprising an Introductory Book 
of Greek and Roman Stories, and four books of British 
History on the concentric plan and correlated with Geography, 
edited by G. F. Bosworth, F.R.G.S. Each book contains a 
coloured frontispiece and numerous illustrations, maps, and 
plans. 


Introductory. pp. vili+156 . ’ ‘ " , ‘ ‘ : Price 15s. od. 
(Stories of Greece and Rome) 

Primary. pp. vili+242 . f ; : ; ‘ ‘ : ; Price Is. od. 
(Stories of Great Men and Women in British History) 

Junior. pp. viilit279 . : , ; : ‘ , ’ : Price 1s. 6d. 

Intermediate. pp. xii+260 . . ; : ; . ; : Price Is. 6d. 

Senior. pp. xiit+t294 . ‘ Price 2s. od. 


(Dealing with the history of Great Britain and Ireland and 
the dominions beyond the seas on the Concentric method) 


Extract from the Editor's Note 


It is now generally recognised that there are strong 
reasons why an important place should be given to history 
in the curriculum of every school; and if British history 
should be an inheritance of childhood, then “its characters 
and incidents should have the charm of a story which is not 
only interesting and true, but is also personal to the child, 
and should thus grow into his thought.” This is the aim of 
The Cambridge Hestorical Readers. Teachers will find that 
these books are of the utmost value in giving a correct idea 
of some of the great men of the past and their deeds, and 
will also serve to encourage a deeper study of the history of 
the British Empire. 

The Cambridge Historical Readers meet the suggestions 
on the teaching of history in the New Code, and also those 
contained in circular 599. The books are written in a 
picturesque and attractive style, and throughout the series 
every opportunity is taken to connect the historical with the 
geographical lessons. 


A prospectus giving full particulars of the contents, lists 
of illustrations, and a specimen page from each book will be 
sent post free on application to the Cambridge University 
Press, Fetter Lane, London, E.C. 
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The Modern Language Review. A Quarterly Journal 
devoted to the study of Medieval and Modern Literature 
and Philology. Edited by J. G. Robertson, Professor of 
German in the University of London, G. C. Macaulay, 
Lecturer in English in the University of Cambridge, and 
H, Oelsner, Professor of the Romance Languages in the 
University of Oxford. 


Vol. vi, No. 3. July 1911. Price 4s. net. 


CONTENTS 
ARTICLES. 

The Old English Charms. By A. R. Skemp. 

The Original Form of the A-Text of Piers Plowman. By R. W. 
Chambers. 

Some Unpublished Poems of Drummond from the Hawthornden MSS. 
By L. E. Kastner. 

Charles Rivitre Dufresny. By Edouard Fanniére. 

Allusions in Adonais to the Poems of Keats. By Margaret De G. 
Verrall. 

Commencement and Commissary. By F. F. von Wilmowsky. 


TExTS. 
Ein neues Bruchstiick aus der ‘Rose’ Henrics van Aken. By R. 
Priebsch. 
Carl Friedrich Cramer’s Zweite Petrarcaode. By Julius Freund. 
Miscellaneous Notes. Discussions.. Reviews. New Publications. 


The Cambridge; Pocket Diary for the Academical 
Year IgQII-I912 


Price Is. net, or with pocket and pencil 2s. net. 


This Diary is specially prepared for the convenience of 
Members of the University. It contains the Church Calendar, 
with Sunday Lessons and the names of the University 
Preachers. It gives certain fixed dates of Congregations, 
Syndicate Meetings, Examinations, and other information, 
and it provides space for noting engagements. The mis- 
cellaneous information given includes details concerning the 
hours of admission to Libraries, Museums, Chapels, etc., the 
Order of Boats, Telephone and Post Office memoranda, 
London and Cambridge cab fares, railway times, etc. 


The Cambridge Block Diary for the Academical 
Year I9II-I9I2 


Mounted on card. 53 sheets, 10” x 8”, 7 days on each sheet. 
Price Is. net. 
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The Student's Handbook to the University and 
Colleges of Cambridge. Tenth edition. Revised to 
30 June 1911. 
Crown &vo. pp. vit+648. Price 3s. net. 


The most important additions to this issue of the Hand- 
book are (1) the new regulations for the Economics Tripos 
and for Section A2 of the Medieval and Modern Languages 
Tripos ; (2) the amended regulations for the Special Exami- 
nations in Botany, Chemistry, Geology, Mathematics, Modern 
Languages, Physics, Political Economy, and Theology ; 
(3) the regulations for the new Special Examination in 
Psychology; and (4) the amended regulations for the Diploma 
in Agriculture. 


A LIST OF FURTHER PUBLICATIONS 


The Patriarchs of Constantinople. By C. D. Cobham, 
C.M.G. Crown 8vo. 2s. 6d. net. 

Woodstock. By Sir Walter Scott. Edited by A. S. Gaye, 
M.A. Extra fap. 8vo. 2s. 6d. 

The Pitt Press Shakespeare for Schools: Hamlet. 
Coriolanus. Ldited by A. W. Verity, M.A. Extra 
Fap. 8vo0. 1s. 6d. each. 

The Granta Shakespeare: Macbeth. Twelfth 
Night. Edited by J. H. Lobban, M.A. Pott 8vo, 
1s. each. 


Elementary Arabic: Third Reading Book. By 
Reynold A. Nicholson, Litt.D. Crown 8vo. 6s. net. 


Russian Roots and Compounds. By the Rev. W. H. 
Lowe. Demy 8vo. 55. net. 


Camillus and other Stories from Livy. Edited by 
G. M. Edwards, M.A. Extra fcap. 8vo. 1s. 6d. 


La Dette de Jeu. By Maxime Du Camp. Edited by 
de V. Payen-Payne. Extra fcap. 8vo. 2s. 

Darwin. Scientific Papers. By Sir George Howard 
Darwin, K.C.B., F.R.S. Volume IV, Perwodic Orbits 
and Miscellaneous Papers. Royal 8vo. 15s. net. 
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LIST OF FURTHER PUBLICATIONS—CONTINUED 


The Progress of Physics during 33 years, 1875— 
1908. By Arthur Schuster, F.RS., Ph.D., Sc.D. 


Demy 8vo. 38. 6d. net. 


Outlines of the Theory of Electromagnetism. Ly 
Gilbert T. Walker, M.A., Sc.D., F.R.S. Demy 8vo. 


35. net. 


Elementary Trigonometry. by F. T. Swanwick, 
M.A. Crown 8vo. As. 

The Twenty-seven lines upon the Cubic Surface. 
By Archibald Henderson, M.A., Ph.D. Demy 8vo. 
4s. 6d. net. 


The Essentials of Mental Measurement. Sy 
William Brown, M.A., D.Sc. Demy 8vo. 35. 6d. net. 


Reports on Plague Investigations in India. J/ssued 
by the Advisory Committee appointed by the Secretary of 
State for India, the Royal Soctety, and the Lister Institute 
of Preventive Medicine. Vol. I, Parts [ and II (2 vols.). 
Large Royal 8vo. 20s. net. 

Ticks: A Monograph of the Ixodoidea. Part /I. 
By George H. F. Nuttall, Sc.D., F-R.S., and Cecil 
Warburton, M.A., #.Z.S. Royal 8vo. 12s. net. 


Ticks: A Monograph of the Ixodoidea. Bibliography 
of the Ixodotdea. By George H. F. Nuttall, Sc.D., F-R.S., 
L. £. Robinson, A.R.C.Sc. (Lond.), and W. F. Cooper, 
B.A., F.Z.S., F.L.S. Royal 8vo. 6s. net. 


All Saints’ Church, Horseheath. By Catherine E. 


Parsons. Demy 8vo. 35. net. 


A Descriptive Catalogue of the Manuscripts in the 
Library of Corpus Christi College, Cambridge. 
By Montague Rhodes James, Litt.D., F.B.A. FSA. 
Part V (Volume LI, Part 11). Nos. 351—450. Royal 

vo. 75. 6a. net. 


The Cambridge University Press Bulletin ts published early in each term and 
will be posted free,of charge to any address sent to the Cambridge University 
Press, Fetter Lane, London, E.C., where books mentioned in the Bulletin, or 
earlier publications of the Press, may be inspected. 
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REPORTS ON PLAGUE INVESTIGATIONS 
IN INDIA 


ISSUED BY THE ADVISORY COMMITTEE APPOINTED BY THE SECRETARY 
OF STATE FOR INDIA, THE ROYAL SOCIETY, AND THE LISTER 
INSTITUTE. 


(Forming five extra numbers of the Journal of Hygiene: vol. vi. no. 4, 6s. net 
(this part is sold only in complete sets of the Journal of Hygiene) ; 
vol, VII. no. 3, 6s. net ; vol. vil. no. 6, 6s. net; and vol. VIII. no. 2, 6s. net ; 
vol. X. no. 3, 6s. net (these five parts can now be supplied, in two 
volumes, bound in buckram, price 20s. net).) 


CONTENTS OF THE SECOND PLAGUE NuMBER, July 1907 


The diagnosis of natural rat plague 

The pathological histology of the spleen and liver in spontaneous rat plague, with obser- 
vations on the experimental infection. By J. C. G. Ledingham, M.B., B.Sc,, M.A. 

Transmission of plague by feeding rats with infected material 

On the significance of the locality of the primary bubo in animals infected with plague 
in nature 

Further observations on the transmission of plague by fleas, with special reference to the 
fate of the plague bacillus in the body of the rat flea (P. cheopis) 

Experimental production of plague epidemics among animals. (Second Communication) 

Experiments in plague houses in Bombay. (Second Communication) 

On the external anatomy of the Indian rat flea (P. cheopis), and its differentiation from 
some other common fleas 

On the natural occurrence of chronic plague in rats 

A note on man as a host of the Indian rat flea (P. cheopis) 


154 pp. with 6 plates 


CONTENTS OF THE THIRD PLAGUE NUMBER, December 1907 


Digest of recent observations on the epidemiology of plague 

The epidemiological observations made by the commission in Bombay City 

Observations made in four villages in the neighbourhood of Bombay 

General considerations regarding the spread of infection, infectivity of houses, ete., in 
Bombay City and Island 

Observations in the Punjab villages of Dhand and Kasel. 


302 pp., with 23 plates, and 76 maps and charts 


CONTENTS OF THE FourTH PLAGUE NUMBER, May 1908 


XXVI. The soe werst by insects in the epidemiology of plague. By D. T. Verjbitski, M.D., 
t Petersburg 

XXVIII. Report on experiments undertaken to discover whether the common domestic animals of 
India are affected by plague. By W. B. Bannerman and R. J. KApadia 

XXVIII. Additional experiments on the septicaemia in human plague, with an account of 
experiments on the infectivity of the excreta 

XXIX, Observations on the bionomics of fleas with special reference to Pulex cheopis 

XXX. The mechanism by means of which the flea clears itself of plague bacilli 

XXXI. On the seasonal prevalence of plague in India 

XXXII. On the differential diagnosis of the plague bacillus from certain allied organisms 


148 pp. with 7 charts 


CONTENTS OF THE FirrH PLAGUE NuMBER, November 1910 


XXXIII. The experimental production of - epidemics among animals. (Third com- 
munication.) (Diagrams I—VII) 
XXXIV. Resolving (chronic) plague in rats. (Plate 
XXXV. On the spread of epidemic plague through districts with scattered villages: with 
a statistical analysis by Dr M. Greenwood. (Maps I—XLVIII) 
XXXVI. Observations on rat and human plague in Belgaum. (Maps I—XVII, Plates IX and 
X, and Charts I—III) 
XXXVII. Observations on rat and human plague in Poona. (Maps I—V, Plate XI, and 
Charts I—VII) 
XXXVIII. Experiments on the vaccination of animals against plague by Dr S. Rowland 
XXXIX. Interim report by the Advisory Committee 


254 pp. with 7 diagrams, 4 plates, 70 maps and 11 charts 
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